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Minifil’ Crepe Yarns Fulfilling Fashion Demands 
in New Collections Featured by Finest Dress Houses 


Attend d by widespread promotion 
and backed by national advertising, 
Avisco “Minifil” crepe yarns intro- 
duced only a year ago have achieved 
notable importance in the latest 
collections featured by many of 
America’s leading designers and 
big-volume dress houses. 

Based on the widespread interest 
in “Minifil,” American Viscose Cor- 
poration has published a section in 
the current issue of Vogue Magazine. 
The first page tells consumers the 
specific advantages they may expect 
from “Minifil.” Succeeding pages 
present important new fashions cre- 
ated with “Minifil” yarns by Hannah 
Trov, Herbert Sondheim, Oleg Cas- 


sini, and Sylvan Rich of Martini. 


Sylvan Rich of Martini 


Design by Design by 


Herbert Sondheim 


\ complete promotion kit has been 
provided for retailers. It includes 
mats, window displays, sales train- 
ing material, publicity, and radio 
and TV scripts, reprints of ads and 
editorial material. It is being used 
by key stores throughout the coun- 
try. All Saks Fifth Avenue stores are 
featuring the promotion. 

The creation of “Minifil” varns in 
anticipation of “the crepe look” is 
another instance of Avisco’s close co- 
operation with the textile industry. 
“Minifil” yarns have met the indus- 
try’s demands for “something new in 
crepes.” All indications make it ap- 
pear that these distinguished fab- 
rics are headed for even greater 
popularity. 
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W. G. Hammerle? and D. J. Montgomery | 
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Frick Chemical Laboratory, Princeton University, and Textile Research Institut 
Princeton, New Jersey 


Abstract 


The 


of time over periods from 20 to 20,000 sec 


the stress-relaxation experiments 


stress relaxation in torsion of 6,6-nylon filament is found 
alter twisting 
model the behavior of the tilament in free torsional vibration can be predicted from the result 


The predictions were tested by experiment 
pendulum whose period was varied from 50 to 400 se¢ The 


to be nearly linear in the logarithm 
On the basis of a generalized Maxwell 
ol 
with a torsional 


ingular displacement of the pendu 


lum is an exponentially damped sinusoid over nearly the entire course of the motion The ob 


served dependence of the angular frequency upon the moment of inertia of the bob and the length 


of the filament agrees within 3‘ 


000 sec. after stretching 
properties has not been mack 


drawn nvlon 


I. Introduction 


The results of studies on the mechanical proper 
ties of high polymers are often described in terms 


of mechanical models, the models then being used 


to predict the results of new experiments. These 


models are based on combinations of Hookean 


springs (that is, springs whose restoring force is 


proportional to displacement) and Newtonian dash- 


pots (that is, dashpots whose resisting force is pro 


portional to velocity). In certain cases nonlinear 


force laws have been postulated, but as vet thes 


have not proved very fruitful. A number of linear 


elements of the ty pes ¢ ited are necessary to describe 


experiments ol appres iable Scope, and CA h clement 
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with the values predicted from the stre 
Phe observed and predicted values of the damping constant agree within 13°, Vhe 


tion in extension also is found to be nearly linear in the logarithm of time over period 


s-relaxation experiment 
tre relaxa 
from 10 t 


Quantitative correlation between torsional properties and extensional 
because of the complications introduced by the 


anisotropy of the 


introduces a se parate parameter 


lo keep the 
number of parameters manageably small, the num 
ber of elements must be small, or some law relating 
the parameters of the elements must be specified 
It turns out that various series and parallel combi 


nations of elements can be 


taken to deseribe the 


experimental results; unless there exists a moleculat 


basis for preferring a given model, the particular 


combination chosen depends usually on the form of 


mathematics which conveniently deseribes the ex 


periments of interest 


lo determine the parameters of a specitied model, 


one INpresses son simple lores Or motion on 


the sample under study, and-observes the behay 


ior of the svstem with time or 


under variation of 


some paramete! of the motion in case of stead) 


state response Favorite types of experiments are 


a) torced sinusoidal vibration: (6) tree vibration 
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(c) creep (motion under fixed load); (d) relaxation 
(force under fixed extension). For linear systems 

that is, those obeying the superposition prin- 
ciple—each of these experiments is ‘‘complete” in 


the sense that the results from it determine the 
results of a general experiment in which any force 
or motion is impressed, In particular, the results 
from any one of the types of experiments listed 
must the from all 


A powerful check on the theory 


determine results the others. 
is available by 


comparing the results of two ‘complete’ experi- 
ments of the type cited. 

In the case of rubber, Kuhn and coworkers [ 2, 
3, 4 | correlated creep measurements with vibration 
measurements. Dunell, and Andrews 
[5] studied the connection between relaxation and 


Tobolsk y; 


forced vibration for 


many elastomers, and found 
certain discrepancies between the forced-vibration 
response observed and that predic ted on the basis 
of relaxation measurements. In these measure- 
ments the relaxation was observed over the interval 
of 10 to 1,000 sec. after extension of the sample, 
whereas the periods of the vibrations lay in the 
range ot 0.01 to 1.0 sec. 

It was believed likely that one source of the dis- 
crepancies was in the disparity of time scales for 
the two experiments, and that better agreement 
might be obtained by performing the vibrational 
experiments at periods of the same order as the 
time required for a substantial portion of the stress 
relaxation. Consequently, vibrational éxperiments 
on ny lon, to be described in section III, were carried 
out with periods in the range of 50 to 400 sec. For 
experimental simplicity, free torsional vibrations 
were used instead of forced longitudinal vibrations. 
But if the torsional vibrations are to be compared 
with the extensional relaxation, some relationship 
must be postulated between the mechanical models 
applicable to extension and to torsion. To circum- 
vent this difficulty, stress relaxation was observed 
in torsion (section IL) as well as in extension (sec- 


tion V1). 


model it was found possible (section IV) to correlate 


On the basis of a generalized Maxwell 


the free vibrations in torsion with the stress relaxa- 
tion in torsion. It was not found possible to corre- 
that in 


extension, at least not under the manifestly invalid 


late the stress relaxation in torsion with 

assumption that the nylon is tsotropic. 
The method of prediction used in section IV 

involves a mathematical model consisting of an 


infinite parallel array of Hookean springs in series 
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with Newtonian dashpots. A distribution function 


is used to describe the array. To see if one could 
use another generalization from the original Max- 
well model of a single spring in series with a single 
dashpot, in section VII it was attempted to keep 
the number of elements equal to two, but to gener- 
alize the force law for the dissipative element by 
postulating that the resistive force is proportional 
to some time derivative of displacement other than 
the first. 


generalization is unsatisfactory. 


It is shown in this section that such a 


II. Torsional Stress-Relaxation Experiments 


The material used in these experiments was a 
drawn 6,6-nylon in the form of 30-den. (0.0024-in. 
diameter) continuous filament. The experiments 


were carried out in a conditioned at 65%, 


R.H. and 70°F. 
the filament was cemented to a small mirror, which 


room 
The top end of a 50-cm. length of 


in turn was supported by a 10-cm. galvanometer 
suspension of 0.003-in. diameter gold filament rolled 
flat. 
to a cylindrical plastic bob weighing less than 10 g., 


The bottom end of the nvlon was cemented 


from which projected radially a pair of steel pins at 
opposite ends of a diameter. The entire assembly 
was suspended from the top, with the bob pins 
riding freely between two pairs of upright stops 
mounted on the base of the support. 

The nylon filament was twisted between 1 and 4 


Atter 


rotation, the filament was held at constant twist 


revolutions by rotating the stops by hand. 


while the decaying torque was determined by meas- 


RELATIVE TORQUE 


1000 
TIME (SEC) 
Fic. 1. 


(logarithmic 
laxation. 


Average relative torque L(t) L(100) vs. time t 
scale) for nylon filament in torsional re 
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uring optically the angular position of the mirror. 
The torsional strain was kept essentially constant 
by making the mirror suspension strong enough in 
comparison with the nylon that rotation of the 
mirror was less than 0.003 revolution per revolution 
of the bob. The mirror suspension was calibrated 
for torque by measuring the change of the free- 
vibrational period of the suspension when a bob of 
known moment of inertia was suspended just below 
the mirror. To prevent the entire suspension from 
oscillating violently after twisting, a pair of small 
wires projecting from the mirror were placed as 
The 


proper amount of damping permitted measurement 


damping vanes in a cup of dibutyl phthalate. 


of the torque at times as short as 20 sec. after the 
initial rotation. 

Figure 1 is a plot of the relative torque against 
time on a logarithmic scale. The relative. torque 
is defined as the torque L(t) at any time ¢ seconds 
L(100), the torque at 


The curve shown is an average curve of 


after rotation, divided by 
100 sec. 
five separate determinations, the spread of the data 
being indicated by the short vertical lines on. the 
curve. Within the experimental precision, L(100) 
is proportional to the imposed twist, and the rela- 
tive torque does not vary with the imposed twist. 
These relations show that the fiber behaves as a 
linear system at the strain levels of the experiment. 
The average value of the torque L(100) per unit 
10.08 & 10 


twist for the five determinations: is 


© POSITIVE 
PEAKS 
® NEGATIVE 
PEAKS 


(DEGREES) 


ANGULAR DISPLACEMENT 


NUMBER OF OSCILLATIONS 


FiG."2. Maximum amplitude of angular displacement 
(logarithmic scale) vs. time (as measured in periods of 
oscillation) for a torsional pendulum supported by nylon 
filament. 
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dyne-cm. radian. This torque is composed of the 
resisting torque of the fiber itself plus the torque 
resulting from the raising of the bob against gravity 
The ob 
served value of (100) must be decreased by about 


The 


3 dyne- 


when the fiber is shortened by twisting. 
10°, to get the torque trom the fiber alone. 
average net torque is found to be 9.13 & 10 
cm. 


radian at 100 sec. after twisting. 


III. Torsional Free-Vibration Experiments 


The materials and conditions for the free-vibra 
tion experiments were the same as those for the 
stress-relaxation experiments. A torsional pendu 
lum was set up by hanging a cylindrical plastic bob 
| he bob carried 


from a length of nvlon filament. 


an angular scale on its periphery. The filament 
and bob were enclosed in a long glass tube to mini 
mize effects of air currents. The pendulum was 
wound up by rotating the point of support, and was 
then released and allowed to rotate freely. The re 
sulting angular displacement was observed through 
a low-power microscope, and the instants at which 
various scale divisions passed the mi roscope fhe ld 
Both the length 
the moment ol 


the 


were recorded ona chronograph 


of the filament and the bob were 


changed in order to oscillation 


vary rate ol 
Phe time required for a complete oscillation was 
100) see 
100 


inertia equal to 7 or 


between 50 and with 


filament 
bob 
The 


twist during the experiment was 120 


length 


ranging from 5 to em. and moment of 


20 g.-cm maximum 
cm. length 
of 30-den. nylon filament, corresponding to shear 
angles of less than 0.01 radian. 

Within 3%, 


displacement, 6, throughout the course of the oscil 


the time variation of the angular 


lations can be described by the following expression 


O(f) 6.e°=' (1) 


COs wl, 


where 6, = inttial angular displacement from the 


equilibrium position (radians or degrees), a = damp 


ing constant determined from the data 


(SC? 


w = angular frequency determined from the data 


(sec. time (se 


1) and t ) measured from instant 


of release of bob. Phe angular lrequency is deter 

mined from the times when @(f) crosses the time 
axis or from the intervals between the peaks in @(f) 
The damping constant is determined from the slope 
of the graph of the peaks of @(¢) against ¢ on a semi 

logarithmic plot, as shown in Figure 2... The circles 
represent the greatest displacement at one end of 


When the 


the oscillation, the squares at the other. 
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maximum rotation during vibration becomes less 
than 10°, a small “creep” effect appears, and the 
exponential decrease is no longer followed. From 
the fact that no divergence from the exponential 
decrease occurs at rotations greater than 10° (1.0% 
of the initial displacement), it may be inferred that 
that 


is, frictional force opposed to the motion but inde- 


there exists no appreciable “sliding friction” 


pendent of displacement or velocity. 

When the moment of inertia, 7, of the bob and 
the length, /, of the filament are changed, the angu- 
lar frequency, w, and the damping constant, a, 
change. Figure 3 shows the variation of w with 


the product //; the points are the experimental 
data, and the lines are the relations predicted from 
behavior in a 


the stress-relaxation fashion to be 


explained in the next section. Figure 4.shows the 
variation of a with J//; the points are the experi- 
mental data, and the lines are the predicted rela- 
tions Phe discrepanc ies between the predicted 


and observed values will be discussed later. 


IV. Prediction of Free-Vibration Results from 
Stress-Relaxation Experiments 


Phe dependence of a and w upon // in the tor- 
sional free-vibration experiments is predicted from 
the results of the torsional stress-relaxation experi- 
ments according to the following scheme: 


A. A mechanical model is postulated to describe the 
fiber behavior, and the quantities characterizing tt 
are determined from the relaxation experiment. 


The mechanical model chosen is an infinite par- 
allel set of Maxwell elements (Hookean spring in 
The 


a distribution function G’(r), 


series with a Newtonian dashpot). model 


is characterized by 


0.20 


ANGULAR FREQUENCY w (SEC") 


100 200 500 1000 2000 


PRODUCT 1 £(3-cnt) 


hic. 3. Logarithmic plot of angular frequency w vs. 
product of moment of inertia | and length | for torsional 
pendulums supported by nylon filament (curves indicate 


predicted values, points indicate observed values) 
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where 7 is the relaxation time of a given Maxwell 
unit. G’(r)dr is the number of units having relaxa- 
tion times between 7 and +r + dr. 


If G'(7) is known, then L(t) can be calculated by 


the integral 
Lit) = f e-"!*G' (r)dr. 


In particular, if G’(7) is given by 


0 

G, T 

0 
where relaxation will be 


Tinin < Tinaxy the stress 


linear in the logarithm of time, and will be equal to 


L(t) = G,(in tinax — Y — Inf) (4) 


for times much larger than tmin and much smaller 


than tax. Here y is Euler’s constant, 0.57722. 
The experimental stress relaxation shown in Fig- 
ure 1 is nearly linear in In ¢, and G’(r) is thus nearly 
equal to the box distribution defined by equation 
(3). 
to the observed curve at 100 sec., the constant G 
is equal to 3.80 & 10 dyne-cm./In sec., and 7, 

is equal to 4.7 K 10" sec. This value of G, is 
applicable only to the torsional behavior of a fila- 


If L(t) is represented as a straight line tangent 


ment of the same radius and length as that used for 
the relaxation experiment. 


B. Relations are postulated between the constants of 
the mechanical model and the dimensions of the 
filament. 


A rigid material in the shape of a uniform circular 
evlinder of radius 7 and length 7 has a restoring 
torque Le equal to 


(rr'G /21)9, 


DAMPING CONSTANT « (sEc") 


100 200 
PRODUCT I2£(q-«m) 
Fic. 4. Logarithmic plot of damping constant @ vs. 
product of moment of inertia | and length Ll for torsional 


pendulums supported by nylon filament (curves indicate 
predicted values, points indicate observed values) 
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where G is the torsional modulus of the material 
and @ is the angle of twist. Similarly, a viscous 
fluid of the same geometry has a drag torque L, 


equal to 


L, = (r'n 2/)d0 dt, (6) 


where 7 is the viscosity of the fluid and dé dt is the 
relative angular velocity of the end cross sections. 
It is assumed, of course, that there is no external 
drag between the fluid and the surrounding cylinder 
wall. 

It will be assumed that similar relationships hold 
for all the springs and dashpots of the models. — For 
any radius and length of filament, the box distri- 
bution will then have the magnitude 


G(r) arG,°/ dlr, (7) 


where G,’ is equal to 1.46 & 10° dyne cm.?-In sec. 
when calculated from the slope of the relaxation 
The value of t,,3.,4.7 & 10” sec. 


will be independent of the filament dimensions 


curve at 100 sec. 


The behavior of the mechanical model in free tor- 
stonal vibration is calculated. 


In the appendix are given the details of the cal- 
culation leading to the following implicit equations 
for w and a as functions of //: 


2//) In | 


(rriG 


aw (rrG,,” 4/1)[ x 2 + tan 

These equations can be solved simultaneously for 
compatible values of » and @ corresponding to a 
the 


tion being facilitated here by the smallness of the 


specified value of the product //, computa- 
ratio a/w. 
The stress-relaxation curve is not exactly linear 


in the logarithm of time, and the actual behavior 


shown in Figure 1 must be approximated by a 


straight line, if equations (8) and (9) are to be 
employed. In the section below on possible sources 
of errors in the experiment, it will be shown that 
the best approximation to the relaxation curve when 
calculating a particular value of @ and w is the 
straight line tangent to the curve in Figure 1 at a 
time equal to 1/w. The actual computation thus 
consists of selecting a value for o, drawing the 
tangent at ¢ 1/w, determining the corresponding 
G,? and tmax, and finally computing @ and // from 
equations (8) and (9). 


SOQ 


D. Corrections are made for the lifting of the bob and 
for the damping from the atr during free vibration. 
The raising of the bob against gravity during 
twisting increases the vibrational frequency by a 
factor (1 + mgA ww ll)', where m is the mass ot 
the bob, A is the cross-sectional area of the fiber, 


For bob I, 


‘ 
f 


and g is the acceleration due to gravity. 
this correction is about 10°; ; for bob Il, about 5 
When a is considered as a function of //, it also is 
the the 


lifting action, inasmuch as the corrected w is used 


changed by about same percentages by 


to calculate a. 

It is important to establish what part of the 
vibration damping arises from air friction, because 
this form of energy loss will not appear in the re 
laxation experiments. To determine the extent of 


the air damping, the same two bobs used in the 


free-vibration experiment were suspended from 


metal wires, in which the internal damping should 
be small. Figure 5 shows the damping constant 
for each of the two bobs as a function of the period 
was varied by 


of oscillation, which changing the 


wire length. For periods greater than 20 sec., @ ts 
that 


expected if the damping were due entirely to the 


independent of frequency, a result would be 


air drag on the bob. For shorter wire lengths and 
corresponding] shorter periods, the internal {ri 

tion of che wire becomes important and the damping 
constant rises Phe average values of the air damp 
0.00134 and 


for bobs I and I], respectively 


ing at periods greater than 20 sec. are 
0.00098 sec 

If the motion of the air is laminar, and confined 
to a thin laver around the surtace of the bob, the 
air damping is approximately proportional to the 
integral over the bob surface of the distance from 
the axis, divided by the moment of inertia. Evalu 
ation of this quantity for the bobs gives about the 


PERIOD (SEC) 


hic. 5. Logarithmic plot of air damping constant \ 
period of oscillation for torsional pe ndulum (pporte / 
by metal wire 
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correct ratio of the two observed damping coeffi- 
cients, thereby lending credence to the idea that 
the damping at periods longer than 20 sec. is due 
the 
Hence, in the experiments with nylon filaments, it 


almost entirely to the air and not to wire. 
appears justifiable to add the values of the air 
damping determined above to the value of @ calcu- 
lated from equations (8) and (9) in order to obtain 
the fre- 


quency of the pendulum is altered so slightly by the 


the total vibration damping. Presumably 
air damping that no corresponding correction of w 
is necessary. 

After this final correction was made, the predicted 
values of a and w were plotted in Figures 3 and 4, 
together with the experimental points. The ex- 
perimental and predicted values of w agree within 
3% over the entire range of //. The predicted and 
experimental values of a depend in the same way 
upon //, but the predicted magnitude is high by 13 ¢. 


V. Sources of Discrepancy between Predicted 
and Observed Values 


The box distribution of relaxation times defined 
by equation (3) does not exactly describe the stress 
relaxation shown in Figure 1, since the experi- 
mental results are not quite linear in the logarithm 
of time. If the predictions of w and a as functions 
of Jl are to be based upon a stress relaxation which 
is not linear in In ¢, some better estimate of G’(r) 
than equation (3) is necessary. One such estimate 
[1] is based on the approximation that in the 
integral of equation (3) the factor e~’7 equals unity 


for all r < ¢, and zero for all r > ¢. Then 


Lit) = f G'(r)dr, 
t 


whence by differentiation 


i 1 dL(t) 
"ee Blane. 


G' (7) 


(11) 


Il, the 


G'(r) obtained from equation (11) is substituted 


In order to determine w as a function of 


into the integrand of equation (33) in the appendix 
and integrated over all 7. The integral of equation 
(33) may be evaluated by dividing the interval of 
integration into two parts at a time ¢’ that is large 
compared with 1/w and small compared with trax. 
The integrand from +r = 0 to 7 = ¢’ has its single 
maximum at a zr very close to 1/w. Thus, from 
equation (11), the integral from zero to ¢’ will not 


be much different from that for a box distribution 
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corresponding to a relaxation which follows the 
straight line tangent to L(t) att = 1/w. The inte- 
gral from + = t’ to r = & is nearly equal to L(t’), 
as given by equation (10), since the coefficient of 
G'(r) in equation (33) approaches unity at large r. 
Because the box distribution just mentioned pre- 
dicts a value for L(t’) not much different from its 
actual value (the tangent at ¢ 
L(t) at 


evaluate the entire integral by the corresponding 


1/w Iving only 


slightly below large ¢), it is possible to 


box distribution. In this way, the graphical differ- 
entiation involved in equation (11) is obviated, and 
equation (9) may be used to find a value of w that is 
not expected to be much in error. 

To find @ as a function of J/, the G’(r) obtained 
from equation (11) is substituted into the integrand 
of equation (34) in the appendix and integrated 
graphically over +. There is no simple approxi- 
mating method for evaluation of the integral, be- 
cause as rt becomes very large the integrand ap- 
proaches G’(r)/r and not G’(r). That is to say, 
a is sensitive to properties of L(t) besides its mag- 
nitude and slope at ¢ = 1/w.° A graphical integra- 
tion to find a, carried out for w = 0.02, predicts a 
value of a within 2% of the value obtained from 
substitution of the corresponding box distribution 
into equations (8) and (9). Because the graphical 
integration involves extrapolation of 7G'(r) back 
to r = 0 from 7 = 20 sec., it probably contains 
errors at least as large as 2°. Consequently, it 
was not considered worth while to perform graphical 
integrations for other values of w. All in all, errors 
of several percent in the prediction of the free- 
vibration experiments from the relaxation experi- 
ments are to be expected as a result of approxima- 
tions in the specification of the distributions and in 
the evaluation of the integrals. 

In the analysis of the free-vibration experiments, 
the assumption is made that the effect of creep 
during free vibration is small. This assumption 
seems tenable in view of the small deviation of the 
observed behavior from a damped sinusoid. 

Two separate calibrations of the stress-relaxation 
apparatus agree to within 27, and it is believed 
that the experimental spread occurring in repeated 
the 


This belief is sup- 


stress-relaxation runs is due to variation in 
filament diameter and strength. 
ported by the amount of variation in the cross-sec- 
tional area as measured vibroscopically. Two 1-in. 
samples taken adjacent along the fiber agree in area 


to within 2°%, but samples taken several feet apart 
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vary by as much as 47%. The torsional modulus 
of the fiber is dependent upon the square of the 
The maxi- 
mum observed variation in the ratio of L(100) to im- 


pressed twist is 5° / 


area, and thus may vary by about 8%. 


in five stress-relaxation runs, 
and is consistent with the observed area variation. 

The values of the time corresponding to the ex- 
perimental values of 1/w are as low as 10 sec. To 
evaluate G’(r) at these low times, the curve of L(t) 
versus Int must be extrapolated back from 20 sec. 
Error of several percent in the predicted values of 
w and @ may arise from the extrapolation. 

In summary, the variation of the cross section of 
the fiber can more than account for the experi- 
mental variation of w and a at constant J]; and the 
difference between predicted and observed values 
does not exceed the probable accuracy of the 
calculations. 


VI. Extensional Stress-Relaxation Experiments 


Previous investigators [5 | of nylon worked with 


strains in extension. The measurement of exten- 
sional stress relaxation was repeated here in order 
to see what correlation might be possible between 
the extensional and torsional constants of nylon. 
The same material under the same conditions of 
temperature and relative humidity was used in both 
the extension and torsion experiments. An Instron 
tensile testing machine was used to extend a 2-in. 


gage length of nylon filament toa strain of 1%, 2%, 


or 5° The filament was held at fixed extension 
while the decaying force was recorded automatically 
over a period of 2,000 sec. At each total extension 
the rate of strain was varied to provide extension 
times ranging from 1 to about 10 sec. 

Figure 6 is a plot of the relative force against 
time on The relative force is 
defined as the force F(t) at any time ¢ seconds after 
completion of the extension, divided by F(100), the 


force at 100 sec. 


a logarithmic scale. 


The average curve for six different 
relaxations at 1% or 2% extension is shown, the 
vertical lines on the curve indicating the spread in 
the runs. The spread may be ascribed primarily 
to small variations with time in the temperature 
and relative humidity of the controlled atmosphere, 
and to zero shift in the apparatus measuring the 


force. 


For 10% and 2°% extensions, F(100) is pro- 


portional to the extension, and the relative force 
does not change in its dependence upon time. With 
5% extension, for which the results are not shown, 


the relative force curve retains the same general 
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shape but is steeper. From this change in slope it 
may be concluded that the filament behaves as a 
linear system up to 2°% extension, but not at 5%. 

The downward concavity of the curve at small 
times is probably attributable to the finite time 
required for extension, because the concavity be- 
comes more pronounced as the rate of extension 
Beyond 10° sec. the 
curve is independent of the rate of extension, and 


decreases. after extension, 
is perhaps slightly concave upward, like the tor- 
sional relaxation curve in Figure 1. The analytical 
expression for the straight line tangent to the curve 
at 100 sec. is 

F(t)/F(100) 1 - 


0.0570 In (t/100). (12) 


In terms of stress this equation becomes 


s(t)/s,(100) = ef 1 — 0.0570 In (t/100) J, (13) 


where s(t) is the stress at time f, s,(100) is the stress 
at 100 sec. per unit extension, and ¢ is the strain. 
The value of s,(100), computed by dividing the 
the 2.20 X 10" 


dynes/cm.* 


force by cross-sectional area, 1s 
The stress relaxation may be described approxi- 
mately by the same sort of box distribution of relaxa- 
tion times as was used in the torsion experiments (cf 
equation (3)). The distribution (with obvious ne 
tation) corresponding to the tangent to the re’ 


tion curve at 100 sec. is 


(14) 


T max 


100 


TIME (SEC) 


Kic. 6. Average relative force F(t)/F (100) vs. time t 
(logarithmic scale) for nylon filament in extensional re 
laxation 
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where /,° = 1.27 & 10° dynes/cm.?-In sec., Tmax 

7.4 & 10° sec., and tmin < 10 sec. This distribu- 
tion of relaxation times may be used to predict the 
result of any general extension experiment, but 
some additional assumptions about the nylon must 
be made before the distribution can be applied to 
If it isassumed that the shear 
modulus G’(r) of any element of the model is re- 


torsion experiments. 


lated to its extension modulus /¢’(r) in the same 


way as for a rigid isotropic material, then 


G'(r) ki’ (r)/2(1 + a), 


(15) 


where a, Poisson’s ratio, is not very far from 1 
nylon. 


2 for 
If it is further assumed that the same rela- 
tionship holds between the extensional solid vis- 
cosity and the shear solid viscosity, the distribution 
function describing the fiber in torsion will be a box 
1/2 
the predicted value for G,’ is 4.22 & 10° dynes 
cm.?-In sec., and for tmax 1s 7.4 KX 10° sec. Such a 
value of G,’ is higher by a factor of 2.9 than the 


with T max the same as for extension. For o 


’ 


value determined from the slope of the torsional 
100 sec. 
a factor of 0.78. 


are far outside the experimental error, and it is con- 


relaxation curve at The value of In tyra 


is lower by These discrepancies 
cluded that the torsional relaxation cannot be corre- 
lated with the extensional relaxation on the pre- 
ceding assumptions. 

Another possible set of assumptions would be to 
relate the elastic moduli as before, but to keep the 
solid viscosities of the elements the same for torsion 
If a 1 
for torsion would then have G,? 


Zz; the box distribution 

E* = 1.27 KX 10° 
2.2 X 10sec. This 
value of G,’ is 8.7 times higher than the value deter- 


as for extension. 
dynes /em.?-In sec., With Tnax 


mined from the slope of the torsional relaxation 
curve at 100 sec. It is apparent that neither set of 
assumptions correctly describes the relationship be- 
tween extension and torsion. 

This. discordance is hardly surprising, for it is 
well known from x-ray diffraction and other evi- 
dence that drawn nylon is not isotropic, but rather 
that the molecular chains in the crystalline regions 
of the material are preferentially oriented parallel to 
the fiber axis. If the crystalline material is stronger 
than the amorphous material, the torsional modulus 
should be lower than the value predicted from the 
This 


expectation is confirmed in the experiments just 


extensional modulus by use of equation (15). 


described; indeed, this type of experiment may 
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furnish a tool for examination of anisotropy in 
fibrous materials. 


VII. Attempt to Generalize the Viscous Law 
in a Voigt Model 


Examination of equations (8) and (9) shows that 
a is proportional to w when a/w «<1. The sim- 
plicity of this relation suggests a search for a simple 
Voigt model with only two parameters—a spring in 
parallel with a dashpot—but with a generalization 
of the law for the damping force in the dashpot. 
To retain the feature of linearity and thus be able 
to make use of the principle of superposition, the 
force is restricted to be a linear differential or 
integral operator. 

The damped sinusoidal wave of equation (1) may 
be regarded as the solution of any one of an arbi- 
trary number of differential equations. For physi- 
cal reasons, one likes to consider a differential, or 
integrodifferential, equation of the following form, 


linear in 6: 


d?6/dt? + 2a{ damping term | 


+ w,"(1 + €,)@ = 0, (16) 


where the quantity within brackets describes the 
damping. The quantity e€, is small, of the order of 
a/w*. It may be shown that substitution of equa 


tion (1) into equation (16) gives: 


d20/dt2 + 2a(1 + €)w!-™o™ 


+ w?(1 + €,)@ = 0, (17) 


where €,, €: = small quantities of order of a? /w’, 


m = odd* integer, and 9 mth derivative (in- 


tegral) of 6, for positive (negative) m. 


For the 
it turns out that e, a? ww, 


special case of m = 1, 
e, = 0. 

Suppose the resistive force of the dashpot in the 
model is proportional not necessarily to the first 
derivative of the displacement but to 6°, the m th 
derivative of the displacement, with the propor- 
tionality constant: Mm ; then the following relation 
may be shown to be the equation of motion for a 
torsional pendulum supported by a filament whose 
mechanical equivalent is a Hookean spring in pat 
allel with a dashpot of the type just described : 


1d70/dt? + (ar'n, /2LD)0™ + (rr'G/21)0 = 0. (18) 


Kor the special case of m = 1, the damping term 


* Even values of m do not lead to an equation parallel with 
equation (16) where the coefficients are real 
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represents ordinary Newtonian damping, with 6°" 
dé/dt, and n» = n, the ordinary solid viscosity. 
Comparison of equation (18) with equation (17) 

leads to the following approximate associations : 


) 


aw'™ 


~ Tr 2/11, (m odd) (19) 


w ~ rG/211, (20) 


which, upon elimination of // and fixing of r, m,, 
and G, lead to 


Predicted: a~m~ o™ (21) 


(m odd) 


(For the special case of m 1, a~o* on 
model.) 


this 
Sut the observed dependence of a on w is 


Observed : a~w 


(22) 


Thus, there exists no odd value of m, either positive 
or negative, which will permit reconciliation of the 
observed values with those predicted by use of the 
generalized Voigt-ty pe model 


VI{I. Summary 


kor 30-den. drawn nylon filaments subjected to 
extensions not exceeding 2“ or twists not exceeding 
120°/cm., at 70°F and 65°, R.H 


that 


, it has been found 


(a) The time variation of the torque on a fila 
ment held at fixed twist is linear in the logarithm 
of time between 20 and 20,000 sec., except for a 
slight concavity upwards. 

(b) The time variation of the angular displace 
ment of a freely oscillating torsional pendulum sup 
ported by the filament is an exponentially damped 
sinusoid over the entire course of the motion, ex« ept 
at very long times. 
behavior of the 


(c) From the 


filament in tor 
sional relaxation, its behavior in free torsional vibra- 


tion can be predicted within about 307 with respect 


to frequency, and within about 13°; with respect 
to damping constant. 

(d) The time variation of the stretching force on 
a filament held at fixed extension is nearly linear in 
the logarithm of time, except possibly at very short 
and verv long times 

(e) The course of the extensional relaxation fails 
to predict the course of the torsional relaxation 
under the assumption that the nylon filament is 
mechanically isotropic. 

(f) A Maxwell-type linear model 


cannot satisfactorily represent the filament behav 


two-element 
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ior, even when the force law for the dissipative 
element is generalized to admit time derivatives 
other than the first, the spring being kept Hookean 


Appendix 


Each element of the chosen model consists of a 
spring of strength G’(7) in series with a dashpot of 
viscosity 7G’(r). The displacement @(f) will be 
equal to 6;(f), the displacement of the spring, plus 


4.(t), the displac ement of the dashpot 


A(t) OA,(t) + Belt (23 


Now 6; and 6, will be related to the torque L,(f) on 
the element by 


G'(7r)0, t), 24 
rGr'(r)d@ (t)/dt 


hese three equations vield the following relation 
between L, and @ 


rdL,(t)/dt + L,(t) rGr'(r)d6(t) /dt 26 


lf, for free vibration, one assumes that 
G(t) #.e “ cos wl, 


the particular solution* of equation (26) is found 


to be 


0,.G'(r)e>%" 


+ (ar 1) 


ar |}coswl WT SIN wl} (28) 


The total torque L(t) on the entire distribution of 


L,(t)dr, 


B sin wl), 


elements will be 


(f) e (340) 


- A cos wt + 


where A and B, obtained by substitution of L,(t) 


from equation (28) into equation (29), are inde 


pendent of the time. But this torque must also be 


equal to the torque on the fiber due to the motion 
of the bob with moment of inertia / 


Lit) [d*6(t)/dt’. (31) 


* The general solution of equation (26) contains, in addition 


a term which decreases monotonically in time, and which 
represents a small creep superimposed on the free vibration 
Within the precision of the 


ne gle« ted 


experiments, this term may he 
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which, in conjunction with equation (27), gives 
Lit) = 10,e-*'[ (w* — a*) cos wt — 2Zawsin wt]. (32) 


Since equations (30) and (32) are valid for all 
values of the time, the coefficients of their sine and 


cosine terms may be equated separately, to give 


} *[ (w? + a*)r? — at |G’(r) 
(w* — a’) = (33 
ie val f wr? + (ar — 1)? ore 1) 


and 
fi tG'(r) 
2al = — 
- f w*r? + (ar — 1)? 


These integrals may be evaluated if the distribution 


dr. (34) 


G’(r) is known from the stress relaxation. Equa- 
tions (8) and (9) result when G’(r) is given by 
equation (3), and when it is assumed that both 1 /w 


and 1/a@ are much larger than tyyjn. 
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Preparation of Microbiologically Resistant Wool 


by Means of Chemical Modification: Part I* 


Helmut Zahn and Hans Wilhelm 
Chemical Institute of the University of Heidelberg, Heidelberg, Germany 


Introduction 


The microbiological degradation of fibers—i.c., 
their destruction by bacteria and fungi—is a well- 
known phenomenon observed when a suitable fiber 
substrate is exposed to the action of active organisms 
under biologically favorable conditions (pH, tem- 
perature, moisture, atmosphere). For economic rea- 
sons, however, as compared to wool fibers, the micro- 
biology of the cellulose fibers and their protection 
have received much more detailed attention. 

Since it is not here proposed to append a complete 
list of all the literature on the microbiology of wool 
since the appearance of the first scientific work by 
W. Kalman (Lehnes Farber-Ztg., pp. 245, 377 
(1902) ), reference is made to a few papers in which 


* Published in German in the July, 1953, issue of Welliand 
Textilberichte, pp. 609-15 


the field is critically surveyed and summarized. The 
most important of these are: “Mikrobiologie der 
Wolle” by H. Glafey, D. Kriger, and G. Ulrich in 
Herzog’s “Technologie der Textilfasern,” Vol. VIII, 
3B (“Technologie der Wolle,” Berlin, Springer Ver 
lag, 1938), p. 107; “Problems in the Microbiology of 
Protein Fibres,” by E. Race, in “Symposium on Fi 
brous Proteins,” Leeds, England, Soc. Dyers and 
Colourists, 1946, p. 80; “The Mildewing of Wool, 
Causes and Prevention,” in Wool Science Review 6, 
32 (1950). 
Nopitsch [17] and Wegener [24] should also be men- 
tioned here. 


Papers from recent German literature by 


From the papers cited we are able to in 
fer the state of present-day knowledge concerning, 
inter alia, the following questions of microbiological 
importance: Which bacteria and fungi are capable of 


attacking wool? Which pretreatments of wool and 
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which impurities favor microbiological degradation : 
At what moisture content, temperature, pH, and 
redox potential are the various bacteria and fungi 
the most dangerous for wool? In which stages of 
wool manufacture can microbiological damage make 
its appearance? Which fungicides and bactericides 
afford temporary protection during manufacture, and 
what degree of stability can be achieved against wash 
ing and dry-cleaning ? 

The present authors carried out research with the 
object of establishing the feasibility of protecting wool 
against attack by bacteria and fungi by means of 
chemical modification—i.c., by introducing additional 
groups into the wool proteins, these groups being 
bound covalently (substitution), or by replacement 
of groups in the proteins with residues of a different 
tvpe. 

Experiments of this type were first carried out on 


Wool reduced 


with thioglycolates and treated with organic halogen 


wool by Harris and his coworkers 


derivatives proved to be stable to enzymes [9| 
However, our attention was first drawn to the full 
implications of the method by various publications in 
Thus, Goldthwait [11] 


succeeded in preparing bacteria-resistant cotton by 


the American literature 
joining the macro 
well-defined 


pounds by main valency bonds 


chemical modification—i.c., Dy 


molecular chains with chemical com 
For example, acety 
lated cotton (acetyl content, 200%-—30% ) and form 
alized cotton (CH.O content, 1.3%) proved to he 
largely resistant to bacterial and fungous attack in 
the soil-burial test. 

Conversion of the cellulose into its ether is also 
effective (45.8% 


sponds to 3 of the hydroxyls methylated) [12] 


ethoxy-group content, which corre 
Since, according to Siu [22], the actual substitu 
ents introduced into the cellulose molecule are im 
material so far as the effectiveness of the chemical 
modification is concerned, such modifications as con 
fer desirable properties other than resistance to 
microorganisms, such as incombustibility, photo 
chemical stability, and water repulsion, are preserved 

A valuable indication for further investigation was 
provided by experiments carried out by Zahn and 
Wiirz [26] on dinitrophenylated silk, whose moisture 
adsorption was found to be strongly reduced. <A 


certain “desiccation” of the cotton fibers as a result 
of reduction in swelling is, according to experiments 


carried out by Goldthwait, Buras, and Cooper [10], 
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the real cause for resistance of acetvlated and form 
alized cotton to fungous attack 

Numerous papers (Speakman, Harris, Kirst, Elod, 
Hartmann [25], Rath [20] ) describing methods em 
ployed for the chemical modification of wool have 
appeared. 

Several of the methods described tor the chemical 
modification of wool were tested for application to 
the preparation of microbiologically resistant wool 
Real biological tests, such as resistance of the chemi 
cally modified wool sample to pure cultures of bac 
Rather, 


was laid on investigation of the prerequisites of per 


teria and fungi, were not carried out stress 
manent fiber protection by means of chemical modi 
cation and on the relationship between constitution 
We 


ourselves with the experimentally simple burial and 


and microbiology of wool therefore satisfied 


rotting tests for comparison with untreated woo! 
We able to 


chemical modification by numerical evaluation of the 


were then judge the effectiveness of 


resistance to tearing of the buried yarn. We con 
sidered it important to place our investigations on ; 


numerical basis in this manner 


Description of Experiments 
Wool 


\ll experiments were carried out with raw white 


noncarbonized = Sportgarn* of spin no. 1145/4 


Twelve-meter lengths of yarn into 


These with 
0.5% Nekanil 7 solution (standardized to pH 4 with 


were cut up 


strands of 25 em. leneth were washed 


acetic acid) and then with distilled water, and were 
finally dried in air. The pH value of the yarn puri 
fied in this manner (determined by heating 1 g 
water at 90°C for 1 hr., the pH 


r) was found ti 


ol 
varn with 30 ce. of 
then being measured in an ionometer 


lie le tween 4 5 and 5 5 


Vodificatiton ol Wool Yurn 


with Monofunctional Compound 


Chemical Reaction 


(1) 
was treated in the ratio 1:50 with A 


Esterification with methanol |23\ Che varn 
10 hydrochloric 


acid in methanol for 6 days at room temperature 


The sample was then filtered at the pump, washed 
* We are indebted to the 
Salach/Wurttemberg 
our disposal 
+ B.A.S.1 
hafen, Germany 
| Post M 


firin Schachenmayr, Mann & Cre 


Germany, for kindly placing this at 


fadische Anilin 





HOG 


with methanol and water, neutralized by soaking in 
water brought to pH & with NH,, and finally washed 
once again and dried in the air. 

, 


2) Esterification with epichlorohydrin according 
to Alexander's method |1]. 


with a 5% aqueous epichlorohydrin + solution in the 


{ 


The varn was treated 


ratio 1:30 for 2 hrs. at 95°C, sucked at the pump, 
carefully washed, and finally purified and dried as 
deseribed in (7). 

(3) Acetylation |4]|. 
reflux for 30 min. with freshly distilled acetic anhy 
dride in the ratio 1:50. 


The wool was boiled under 


The yarn, whose color had 
changed to brown, was filtered at the pump, washed 
with distilled water, and dried in the air. 

(4) Dinitrophenylation |&|.—Ten grams of wool 
was loosely wound around a propeller stirrer, which 
was then placed in a vessel containing 7 g. of sodium 


bicarbonate dissolved in 1600) ce. of 


Five 
27 |dissolved in 480 
cc. of alcohol was then added to the soda solution. 
The mixture was allowed to react for 14 hrs. at 40°C 
The final pH 
The yellow dyed yarn 
with distilled 
water, soaked in water brought to pH 4 with acetic 


water. 
vrams of dinitrotluorobenzene 


with continuous stirring (200 r.p.m.). 
value was found to be 8.25. 
was sucked dry, thoroughly washed 
acid, and then rewashed and dried in the air. 

(5) Nitration—Ten grams of wool was treated 
with 750 ce. of 1 vol. % HNO, for 3 hrs. on the boiling 
water bath. The red-brown colored yarn was then 
washed with water, brought to pH 5. and dried. 


Chemical Modification of Wool Varn by Reaction at 
the Cystine Disulfide Bond 

(1) HS-wool.— 

with a solution of 5. 

g. of Ca(OH) 

then 


n grams of wool was treated 


le 
a2 


g. of thioglycolic acid and 2.15 
in 800 cc. of water for 3 hrs. at 50°C, 
further thiol 
reaction was obtained (with FeCl), and finally dried 


washed with ice water until no 
in the air 
( >) CH a wool 


built-in S-methyl eystein groups was achieved by 


The preparation of wool with 


methylation of the reduced HS-wool (cf. (7) ) with 


a solution of 7.5 g¢. of methyl todide and 2.5 g. of 
sodium bicarbonate in a mixture of 250 cc. of acetone 
and 50 cc. of water. The reduced yarn was boiled 
with this solution under reflux until the nitroprusside 
sodium reaction for free SH groups in the fiber was 
negative. The sample was then thoroughly washed 


with dilute acetic acid and acetone 


\.SE 


’ Kindly provided by B 
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(3) Ethylene-bis-cystein-wool |19|.—Ten grams 
of HS-wool (cf. (7)) was treated with a solution of 


g. of 1,2-dibromoethane and 2.5 g. of bicarbonate 
in 250 ce. of acetone and 50 cc. of water for + hrs 
under reflux. The sample was then pressed out, 
washed with water rendered weakly acidic with acetic 


acid, and finally washed with acetone 


Chemical Modification ot Wool Yurn by 
with Bifunctional Compounds 


Reaction 


(1) Reaction with 4,6-Cbis-chloromethyl)-1,2 
dimethylbensene * according to the method of Kirst 
[15]. 


tion of 2.12 g. of the above compound and 2.5 g. ot 


Ten grams of wool was heated with a solu 
sodium bicarbonate in 250 ce. of acetone and 50 ce 


of water for 5 hrs. under reflux. The sample was 
with 3,000 ce. of 
After 24 hrs. the pH was found to be &.4 
brought to pH 5 with acetic acid. 

(2) Blank test without 4,6-(bis-chloromethyl) 


1 ,3-dimethylbensene.—Ten grams of wool was treated 


then drained and washed 


water 


This was 


as described in (7), the only difference being the 
omission of the dichloro compound. 

(3) Formalization. Ten grams of wool was boiled 
with 500 cc. of 2% formaldehyde solution in N/20 
H.SO, for 2 hrs. under reflux. The sample was 
then washed with distilled water and brought to pH 
5 with NH... 

(4) Blank test without formaldehyde.—Ten grams 
of wool was boiled with 500 ce. of Vo 20 H.SO 
under retlux 

(5) Reactionwith butandtol-bis-chloromethyl ethe) 
(Kirst’'s method |16|). 


treated 


Ten grams of wool was 


solution of 1 g. of 
chloromethyl ether (Hochst) and 0.5 g. of pyridine 
for 3 


hrs. After draining, the sample was washed thor 


with a butandiol-his 


in 330 ec. of carbon tetrachloride at 50°—55°¢ 
oughly with 3 liters of distilled water (pH after 24 
hrs. 2.5). The pH was brought to 5 with acetate 
butfer 

(6) Blank test without butandiol-bis-chloromethyl 
ether.—Ten grams of wool was treated with a solu 
tion of 0.5 g. of pyridine in 330 ce. of carbon tetra 
chloride at 50°—55°C for 3 hrs 

(7) Reaction with Kaurit 1404 according to thi 
method of Hartmann | 14] 


140 and 4 g. of ammonium nitrate were dissolved in 


Eighty grams of Kaurit 


Hochst 


tetramethylol a 


* Kindly provided by Farbwerke 
*Kaurit 140 1s 


BAS 


etvlen-diurea (from 
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1,000 cc. of water 
with 300 cc. 


Pen grams of wool was treated 
of this solution for 1 hr. at room tem 
perature, and then centrifuged and heated to 130°¢ 
for } hr 


in Wool Yarn Brought About by Othe 


Reagents 


( hange .) 


(1) Reaction with potassium cyanide solution 


Ten grams of wool was treated with 500 cc. of 


O.11/ 


OO C 


potassium cyanide solution for 16.5 hrs. at 


oy 


2?) Reaction with soda 


wool was treated with 500‘ce. of N 


( caustie Ten grams of 
100 caustic soda 
for 16.5 hrs. at 66°C 

(2) Chlorination. 


with 300 cc. 


Ten grams of wool was treated 
of sodium hypochlorite solution (1 g 
active chlorine per liter) for 10 min. at 15°C. Ex 
cess chlorine was subsequently removed with NaHSO 
(4% R.T., 10 min.) 
(4) Alcoholic potash [5]. 
treated with 1,000 cc. of a 2% 


soln.. 
Ten grams of wool was 
KOH in 


pressing 


solution of 
After 


out, the sample was treated with 0.2N sulfuric acid 


95% ethanol for 15 min. at 22°C 


and washed 
hie at 


for 10 min 


(5) Dry Ten grams of wool yarn Was 


heated for 24 hrs. at 130°C in a Heraeus drying oven 


Treatment of Wool with Various Reagents which 


Do Not Enter into Permanent Combination with 
the Fibes 


(7) Ten grams of wool was boiled for 1 hr. with 


300 cc. of a solution of 2.5 g. of Eulan neu * and 1 ¢g 


The final pH 


of cone. H,SQO, in 750 ce. of water. 


value was 2.25 
(2) The 


its weight of sulfuric acid in the ratio 1:30 


wool was boiled for 1 hi 

(2) Ten grams of wool was treated with 300 c« 
of ale solution of 2,4,5-trichlorophenol 7 in alcohol 
for 5 hrs. at 20°C and then freed from solution in 
the centrifuge 

(4) Wool was treated with 16 2,4,5,6-tetrachloro 
phenol solution in the ratio 1:30 for 5 hrs. at 20°¢ 
(5) Wool was treated with 16+ pentachlorophenol 
solution in alcohol in the ratio of 1:30 for 5 hrs. at 


20° ¢ 


Leverkusen, Germat 
+ Kindly provided by B.A.S.1 


Baye 


with 44. of 


Testing Methods 


(1) Soil-burial test—For testing the resistance of 
the treated wool against bacteria and fungi in the 
soil-burial test, five small skeins, each weighing 2 g., 
were used Five ordinary flowet pots (diameter at 
top, 13 em.) were half-filled with good garden soil 


The soil was prepared from foliage, vegetable 
and grass 


added, but 


rotting period of 3 years was allowed, during which 


refuse, Liquid and artificial manures 


were not a little lime was mixed in \ 
time no plants grew on the earth (with the exception 
of a few weeds ) 

Phe five skeins were placed separately in the pots, 


ach 


pot was sprinkled with 30 cc. of water every 24 hrs 


covered with soil, and pressed firm flowet 


Fifteen liters of distilled water was poured onto | kg 
of soil, the upper liquid layer being used for watering 
Che temperature in the test room was maimtained at 
ao 1% Phe relative 


and SOC. 


humidity fluctuated le 


tween 00%, 


Hive flower pots were necessary for each method 


of treating the wool. The investigation of a series 


of up to ten different samples (fifty pots) presented 


no particular difficulty Five untreated yarn skeins 


were run in each series for purposes of comparison 


The aqueous solution squeezed out from the soil and 
i4+ days 


Phe se parate skeins were dug out 


decaved untreated wool after were tound to 


have a pH of &6 
after 5, 10, 15, 20, and 25 days, respectively, freed 
mechanically from adhering earth, rinsed with Leonil 
QO, washed, and finally dried in the air 

(2) Tensil 


The dry 


ture of the unearthed yarn 


strength and elongation at rupture 
tensile strength and dry elongation at rup 
were measured im a sim 


ple wool resistance tester.* The length of strand 
‘Ten 


The 


elongation at 


stretched was reduced to 250 mm measure 


ments were made for each sample algebrat 
means of the tensile strength and. the 
against the burial 


aabysc Issa 


rupture were plotted as ordinates 


} riod at the respective ample as Krom 


the graph obtained, the so-called “half-life period” of 


the varn was ascertained This represents the num 


ber of days which the earth requires to reduce the 
dry tensile strength of the varn to 500 of its initial 
value 

13, 28 Wool 


weighing glass in a Heraeu 
105°C: the 


(3) Alkali solubility 
100 my 


drying oven for & hrs. at 


weighing 
was dried in a 


weighing vlass 


rank Wembhemm 





OOS 


was then closed and transferred to a desiccator, where 


it was allowed to cool for 30 min. Meanwhile a 
number of test tubes, 3. cm. X 20.cm., were each filled 
with 40 cc. of N/10 NAOH and heated to 65°C in 
the Hoppler thermostat. As soon as the tempera 
ture had beconie steady, the dried wool samples were 
introduced into the tubes and allowed to react with 
the N/10 NaOH for exactly 60 min., with frequent 
shaking. The caustic soda was then decanted off, 
and the samples were washed thoroughly with dis 
tilled water and sucked dry on sintered glass, G1 or 
G2. They were then placed in dilute acetic acid 
solution (pH 4), and after 12-24 hrs. once again 
sucked dry, dried in a weighing glass for & hrs. at 
105°C, and finally weighed after another hour. Al 
kali solubility = percentage loss in weight of the wool 
sample after completion of the treatment described. 

(1) Acid solubility | 28]. 
weighing 400 mg. each were treated as described 
under (3). Instead of N/10 caustic soda, however, 
the wool was submitted to the action of 4N hydro- 


chloric acid for 60 min. at 65°C. 


Samples of wool yarn 


After completion 
of the reaction, the sample was placed in very dilute 
ammonia (pH &) instead of in acetic acid. 

(5) Supercontraction of woolin 50% phenol solu 
tion.—This testing method was described elsewhere 
by one of the present authors (Zahn, H., Tertil 
Praxis 1950, p. 315) 

(6) Cystine analysis |27]. 


weighing 200-230 mg. each were dried in weighing 


Samples of wool yarn 


glasses overnight at 105°C, the dry weight then being 
ascertained. The dried samples were hydrolyzed 
for & hrs. in 25-cc. measuring flasks with 4 cc. of 30 
105°C 


The flasks were then filled up te the mark 


vol.% of sulfuric acid at (Heraeus drying 


oven). 
and filtered through a dry filter. 


FABLE I 


CHANGES UNDERGONE BY 
YARN ON BURYING 


UNTREATED Woot! 
IN GARDEN SorL* 


\lkali \cid 
tion at ~olu solu 
bility bility 


o) (%) 


14.1 
14.4 


longa 
Burial 


pel iod 


Pensile Cystine 


strength rupture content 


(days) (ky.) (%) 
(/) O » 3938 ; 0 
(2) § 337 6 
(3) 6 
(4) 10 
(5) 33 
(0) 15 
(7) 20 
5) 25 


11.50 


1.869 

1.250 7.9 
not measurable 
not measurable 


not measurable 5 


* Observations: (4) first appearance of mildew; (6) strong 
(7) considera ble destruction; (8) agglutination 


ind fungous threads 


local attack; 
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One centimeter of the hydrolyzed solution was 
pipetted into each of three 25-cc. measuring flasks, 
followed by 6 cc. of acetate buffer (1,000 cc. of 2N 
sodium acetate + 300 cc. of 2N acetic acid). Two 
of the samples were then treated with 1 cc. of sulfite 
solution (10 g. of sodium sulfite siccum in 45 cc. of 
After 10 min. (20°C) had elapsed, all three 
treated 4 


water ). 


batches were with 2 ce. of phosphor-9 
tungstic acid reagent (Folin’s reagent); they were 
The solutions 
The blue 


solutions, together with the pale blue control solu 


allowed to react for 30 min, at 20°C. 
were made up to the mark with water. 


tion ( without sulfite), were then estimated in a 5-mm. 
tube in the Pulfrich photometer with an S 72 filter. 


Results 


The results given in Table I show the effect of the 
action of garden soil for 25 days on the mechanical 
and chemical properties of wool. It is apparent that 
the dry tensile strength was reduced to half its origi 
nal value after 13 days, and that samples buried 
longer than this become so rotten that mechanical 
measurements were not possible. 

In contradistinction to this, it is striking that the 
acid and alkali solubility values as well as the cystine 
Af- 


ter 20-25 days decay, the samples exhibited a 40% 


content underwent comparatively little change. 


increase in alkali solubility and a cystine content re 
duced by 17%. In a series of six experiments, the 
half-life period under the conditions described was 
found to lie between 14 and 16 days. It was thus 
possible to obtain reproducible results in the soil 
burial test. 

Calculation of the half-life period is illustrated in 
Figure 1. 


a 
3 

2.66 Kg 

Y O 
t 


Extension 


Ye 


tenacity Ag. 
Ln) 


y 


133 Mg= 4 2.66 Mg. 


Dr 


i 
} 
t 
f 
t 


Breating extension 





v 
A 


5 
Sol-Burial , days 


Calculation of the half-life period of wool yarns 


° 7 
wi the soul burial fest 
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rABLE Il. Some Properties oF Woot YARN CHEMICALLY MOopIFIED 
BY TREATMENT WITH MONOFUNCTIONAL COMPOUNDS 


Super 
contraction 
Half-life in 50°, phenol 
period in kal id oln. (100°C, 
varden earth lubility olubili 0 min 
Chemical action (days) 


Untreated 

(1) Methvlated with N/10 methanolic HCI soln 

(2) Reaction with epichlorohydrin (5°) a 
soln., ratio 1:30, 95°C, 2 hrs.) 

(3) Acetylation (acetic anhydride reflux, 30 min.) 

(4) Dinitrophenylation (0.8°, aqueous alcoholic 
soln. of 2,4-dinitrofluorobenzene, ratio 1:65, 
40°C, 14 hrs.) 

(5) Nitration (1° HNOs soln., ratio 1:75, 100°C, 
3 hrs.) 


I 
li 


Influence of Chemical Modification ef Wool by R¢ It may be seen from Table I] that there is no direct 
action with Monofunctional Compounds relationship between acid and alkali solubility and 
Tobie 10 o | s resistance to bacterial and fungous attack, respec 
able gives the results of tests on wool yarn . ° , ae . 
+e ™ ; se tively \n increase of solubility in alkali was found 
modified by treatment with monofunctional chemical ee ; 
“A | y : | ¢ In every case to be a result of chemical modification : 
reagents. . marked increase of the resistance ot . 
xf 3 ; ii a : : the acid solubility also shows an increase, except with 
we in) » burving test 1s served whet > wool : 
ol it the uurving test is observed when the woo dinitrophenylated wool 
has previously been acetylated or treated with epi 


chlorohydrin or with dinitrofluorobenzene. These Teer } 
é Vodification of Wool Yarn Reaction at 


three methods of treatment were so effective that the j ol IY 
hr ( SEL Dis f di 


tenacity remained unchanged after 25 days, the half 
life period thus not being reached. Methylation with The results of investigations are given in Table 
methanolic hydrochloric acid, however, leaves the re III, and the relationship between dry tensile strength 
sistance to bacterial action almost unchanged. Ni and burial period is shown in Figure 3. It was to 
tration diminishes the life of the fiber in the soil be expected that the resistance of wool to fungi and 
burial test. bacteria would be reduced after reductive fission of 
a number of the cystine bonds [23] 

\ comparison with the findings of El6d and Zahn 


|7| on the resistance to pancreatin is interesting. It 


Figure 2 shows a graph of tensile strength plotted 
l 


against time of buria 


is striking that the introduction of bis-thioether bonds 
Sittin tala (sample (3)) by treatment of the reduced wool with 
————ae — ethylene bromide has no influence on the duration of 


awe. si life although the alkali solubility is strongly reduced 


; OO O. 
~~. ——- ——= 
Acetanhydride 
‘CH OH-HCI Wool Chemically Modified | Treatment with Bi 


’ ° 
Nitration 7 functional Compounds 


Table IV shows the half-life period in the soil 
burial test and the chemical properties of wool after 


treatment with bifunctional compounds 
— 
Soil-Burial, da 4,6-( bis-chloromethy] )-1,3-dimethylbenzene, — which 


As illustrated in Figure 4, the samples treated with 


Dep ndence of break ng strength on thr dura Was Hirst used on wool by Kirst, withstood the soil 


tion of the soil-burial test with chemically modified yarn burial test best of all (half-life period 58 days ) 


I 


samples (treated with monofunctiona tpound (on the other hand, formalization at pH 2 s also 





TABLE III. Some PROPERTIES OF 


Half-lite 
period in 
varden earth 
(days) 


14 


Chemical action 


Untreated 


(1) Reduction (2.5% calcium thioglycolate 
ratio 1:30, 50°C, 3 hrs.) 


Reduction 4 


soln., 
(2) methylation (after reduction, with 


a 2.5% aqueous acetone soln. of CH,l (0.9°, 
with NaHCO,) under reflux) 

Reduction + ethylene 

dibromoethane 4 


SO «c 


(3) reduced 


NaHCO 


water, reflux) 


bromide (10 ¢ 


wool + 5 ¢ 2.54 


in 250 cc. acetone 


PABLE I\ Somi 


PROPERTIES OF Woot YARN 


Halt -lite 
period in 
garden earth 
(days) 


14 


Chemical action 


Untreated 
(1) 4,6-(bis-chloromethyl)-1,3-di 
2.12¢. +252 


50) 


Reaction with 
methyvlbenzene (for 10 ¢ 

NaHCO, in 250 cc 
reflux 5 hrs.) 


(2) Blank test (analogous reaction without dihalogen 


wool, 


acetone + water, 


compound) 
(3) Formalization (2°7% CH.O soln. in A 
ratio 1:50, reflux 2 hrs.) 
(4) Blank test (analogous reaction without CH.O) 
(5) Butandiol-bis-chloromethyl ether (0.34 
in CCly, ratio 1:30, 55°C, 3 hrs.) 
Blank test (0.15) soln. pyridine in CCl, 
1:30, 55°C, 3 hrs.) 


Treatment with Kaurit 


20 H.SO,, 


* soln 


(6) 


ratio 


(7) 140 


~ 
— 


wy 


7 


methylated 
\\, reduced wool 
Reduction \. b 
with Calcumthiogly colate ‘8 Bisthio ether-wool 


\, untreated wool 


- 


—»—A_o 


) 


po wen 
5 10 
Soil-Burial, days 


a" 


a eee 
15 


Dry tenacity Kg 
S S 
°° 


Fic. 
tion of the soil-burial test with chemically modified yarn 
samples (modification 


3. Dependence Cc of breaking strength on the dura 


of the disulfide bonds) 


Woot YARN 


Mopiriep 


test. 


functional compounds 
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WITH CHEMICALLY MODIFIED CysTINI 


Super 
contraction 
n 50°; phenol 
\lkal \cid oln. (100°C ( 
solubility solubility 0 min content 


( ‘ 
(%) t) (%) 


11.5 


Vstine 


12.0 35.0 


17.6 


BY TREATMENT WITH BIFUNCTIONAL COMPOUNDS 


Super 
contraction 
in 50°) phenol 
(100°C, ( 
20 min.) 


Alkali 
solubility 
(%) 


12.0 


\e id 


solubility 


soln Vsting 


content 


11. 


Sc a A See ae a an Paar: Snail 


— 

4,6- Bis/chloromethy!] 13-a@ saad 
d oo 

al 


aie 


~~ Butandiol bis chloro 


& 


\ i 
\ BOW Tormaldeh ya 


¢ 


Biank to A 
(NaHCO; Acetone \, 
Water } 


t M to B 
untreated wool = = 


(CCly-Pyridine) a 
% 2 


Se ee a Re SE ee eee 
7] 5 10 15 20 27 
Soil- Burial, days 


BlonKtol = 
[Who H:50e})  \ 


ic. 4. 


sou-burial 
with bi 


Breaking strength of yarns afte) 
th 


Chemical modifi ation of wool 


TOUS 





PABLE \ SoME PROPERTIES OF CHEMICALLY Mopiriep Woot YARN 


Super 
contraction 
Half-life in 50°) phenol 
period in \lkah \cid oln, (100°C, Cystine 
varden earth olubility solubility 0 min.) content 
Chemical action (davs) (%,) (‘ 


) (f 


Untreated 14 12.0 14.1 
(7) KCN treatment (0.1417 KON sol 
66°C, 16.5 hrs.) 5 10.5 
(2) NaOH treatment (.V/10 NaOH, ratio 1 
66°C, 16.5 hrs.) 
(3) Chlorination (sodium hypochlorite soln. with 
1 g. active Cl per liter, 15°C, ratio 1:30) 
(4) Alcoholic potash (2°, ilcoholic KOH ratve 
1:100, 22°C, 15 min.) 
(5) Heat (dry, 130°C, 24 hrs.) 


PTABLE VI. Some Proverties oF Woon YARN TREATED WITH EULAN NEU AND CHLOROPHENOLS 


Super 
contraction 
Halt-lite n 50°) phenol 
period in \lkah \cid oln. (100°C, ( time 
garden earth olubility olubilits 0 min.) content 
Chemical action (days) (%) (%) (J) 


‘ 


Untreated 12.0 14 
(/) Eulan treatment (0.33¢;, soln. Eulan neu in 
0.1307) HeSO,, ratio 1:30, 100°C, 1 hr.) 
(2) Blank test (boiled with 0.13°7 H.SO,) 
(3) 1% alcoholic soln 2,4,5 tric hlorophe nol 
(4) 1° alcoholic soln. 2,4,5,6-tetrachlorophenol 


(5) 1°) alcoholic soln pentachlorophenol 


treatment with the tetramethylol-acetylen-diurea | yarns are more resistant to alkali. The acid solubil 
compound, only sufficed to produce a moderate sta ity Is, however, very erratic The large decrease in 
bilization of the fiber against microbiological attack cystine content on treatment of the wool with bicat 

\mong the chemical properties of the treated sam bonate in aqueous acetone 1s also worthy of comment 


ples, the low alkali solubility is striking- @iz., the (sample (7) ) 


re 


ree ee Testing Wool Yarn Treated in a Variety of Ways 


10} 
at O——©O : atin eae Fable V presents a survey of the properties of wool 
>: rt = 4 ® treated with potassium cyanide solution, caustic soda 


chlorine water, alcoholic potash, and dry heat each 


>. 
x 


fe 


of these types of treatment causes chemical changes 


o— 
lstrachtereghondd Q Trichloropheno in the wool, as is apparent in (7) and (2) from: the 


decrease in cystine content and in (2), (7), and (3) 


r 


) from the increase in acid solubility The resistance 
Biank to fulan neu 
. of the wool samples in the soil-burial test remained 


pe wer er eee unchanged in (3) and (35), whereas it was reduced 


approximately half in (7), (2) and (7). It was al 
CeseMiaias anion ready known that wool submitted to oxidizing action, 


. a » boiling w: S F ) ! \ 
Breaking strength of some woo! samples treated alkali, or oling water 1 attacked more apidl and 


with some anionic aromatte compounds vigorously by bacteria (Bartsch |2| 
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/reatment with Eulan neu and Chlorophenols 


The products in this group cannot be regarded as 
being chemically modified since the fiber has in all 
probability merely entered into salt formation with 
the anionic compound (sulfonic acid (Eulan neu), 
acidic chlorophenol). The chlorophenols and Eulan 
may thus be removed from the fiber with a suitable 
reagent. The Eulan molecule is bound just about as 
These 


products were tested so as to be able to compare their 


strongly as an acidic dye of moderate fastness. 


stability with that which can be achieved by chemical 
modification. As may be seen from Table VI and 
Figure 5, both wool treated with Eulan neu and that 
treated with pentachlorophenol were very consider 
ably more stable in the soil-burial test than untreated 
wool, 

It should be borne in mind here that in all cases 
relatively large quantities of reagent were employed 


Thus, in the Eulan mothproofing treatment, approxi- 


mately 30, Eulan neu is employed, whereas here we 


used three times this quantity. 

It has already been established by Burgess |6| 
that wool may be rendered more resistant to bacterial 
attack by treatment with copper salts, chromium, 
Mecheels and Nopitsch |18| 
Eulanization to 


Eulan N, and tannins. 


also showed provide - excellent 
protection 
Discussion 
The partial substitution of the functional groups 
Both acetyla 


tion and esterification of the carboxyl groups with 


in wool proved to be very promising. 


epichlorohydrin considerably lengthen the life of wool. 
Dinitrophenylation also leads to a high degree of sta 
Inlization, but has the disadvantage of dyeing the 
samples yellow; it also results in poor lightfastness 
Reduction of the cystine groups and methylation of 
the thiol groups lead to a big reduction in the resist 
ance of wool to the fungi in the soil. 

During the last 20 years, it has been stressed re- 
peatedly that cross-linking of the polypeptide chains 
with bifunctional reagents must lead to stabilization 
of the fiber. Some of the reactions reported in the 
literature as those normally used for cross-linking 
were therefore tested for suitability in preparing a 
wool that is resistant to bacterial action. Surpris 
ingly enough, the Harris process (>is-thioether wool) 
proved unsuitable. The method of wool stabilization 
described by Kirst was, however, well suited to the 
purpose. 


This method employs /is-chloromethy] 


dimethylbenzene. The half-life period of wool pro 
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tected in this manner was four times that of un 
treated wool. 

A further series of reactions on wool was investi 
It was found that nitra 


tion, chlorination, and heat treatment do not lead to 


gated in the soil-burial test. 
improvement of stability. The so-called “Lanthionin 
wool,” which is prepared by treatment with potas 
sium cyanide, is very strongly attacked and, contrary 
to statements in the literature, cannot be regarded as 
stabilized 

In so far as previous results permut judgment ot 
the reasons for the resistance of wool to bacterial at 
tack, it is possible to make the following statement : 
It is not necessary to lower the acid and alkali solu 
No direct 
alkali 


bilities of the wool by chemical treatment 


connection was established between the and 
acid solubilities and the half-life period. 

It is unnecessary to bring about chain-linking in 
order to obtain a wool that is resistant to bacterial 
attack. It is obviously sufficient to substitute the 
amino and phenol groups in order to produce a re 
sistant wool. Since, however, wool treated with bi 
functional compounds simultaneously becomes more 
stable to alkali, this method (¢.g., treatment with bis 
chloromethyldimethylbenzene ) ought to be even more 
promising, 

Previous results suggest a close analogy between 
cotton and wool as far as chemical modification and 
resistance to bacterial and fungous attack is con 
cerned. As with cotton, acetylation of wool is a suit 
able method of increasing the resistance to attack by 
fungi. It is now assumed that acetylated and form 
alized cottons possess a higher degree of resistance 
because swelling is thereby reduced. It may there 
fore well be supposed that very similar considerations 
apply in the case of wool, especially since Bartsch 
[2] has already shown how bacterial resistance 1s 
enhanced by lowering the swelling capacity of the 
fiber with tannins. 

In the meantime the present authors have pro 
ceeded with experiments to prepare a wool that is 
An ac 
count of this work will appear in Part IIL of this 


resistant to bacterial and fungous attack. 


series [28]. 
10% 
neu has a half-life period of 71 days, and that for 


It was found that wool treated with Eulan 
yarns treated with 4,6-bis-chloromethyl-1,3-dimethy! 
benzene, the half-life can be raised to 105 days. 
Yarn specimens treated with dinitrofluorobenzene 


withstood the burial test for 115 davs 
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The governing factor in stabilization towards bac 
teria and fungi proved to be the quantity of reagent 
employed. A careful control and record of all ex 
perimental data (concentration of compounds, bath 
ratio, temperature, time of reaction) are therefore 
essential. declared in 
effective after it has been submitted to tests within 


A reagent should only be 


a wide range of concentration. 

It is at present impossible to give details concern 
ing the application of the present results to technical 
practice since no experiments have as yet been car 
ried out in this field. 


yarns 


\lso, the chemically modified 


have not yet been submitted to other tests 
(abrasion-resistance, felting power, swelling, mois 


ture adsorption, dyeing properties, etc. ). 


Summary 


1. An attempt was made to protect wool perma 
nently against attack by bacteria and fungi by chemi 
cal action on the functional groups. 

2. Burial tests and measurements of — tensile 
strength after periods of up to three months in garden 
soil served for comparison, 

a found that the duration of the life of 


wool in the soil-burial test may be raised many times 


Was 


by reaction with suitable bifunctional compounds. 
Partial substitution of amino and phenol groups also 
leads to a very considerable increase in resistance. 

+. No direct relationship exists between the acid 
and alkali solubilities and the resistance to fungous 


attack. 
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A Method of Preparing Bulk Cottons 
for Nep Counting’ 


Priscilla L. Orcutt and Helmut Wakeham 


Textile Research Institute, Princeton, New Jersey 


iG is generally agreed that some cottons are more 
inclined to form neps than others and that neps are 
made in processing [1, 4, 5]. Since neps are found 
in all ginned cotton, information on the number of 
neps in the cotton at all stages of processing 1s 
valuable. 

At the present time the only quick method ot 
counting neps is from card web. This means that 
the cotton has been purchased and that usually 
processing has begun before the first nep count is 
made. The time required to open bulk cotton by 
hand is too long for this method to be one of the 
tests regularly performed at the classing or receiving 
stage. This paper suggests a method of preparing 
bulk cottons for counting neps easily and rapidly 
The procedure described can also be used on wastes, 
slivers, and rovings to find where neps are made or 
removed. 


Procedure 


Neps are most easily counted when the cotton is 
ina thin uniform web, as it is in card web. Such a 
web may be formed from bulk cottons by using the 
U.S.D.A. fiber blender, which feeds a sample of 
cotton onto the surface of a cylinder covered with 
card stripper clothing to produce a bat in which the 
fibers are distributed at random in relatively thin 
layers [2]. 

A starting sample of about 5 g. of randomly 
selected cotton provides enough cotton for six webs 
thin enough for a nep count, yet strong enough to 
be taken from the blender. While six counts per 
cotton were made during the development of this 
test, the results so far obtained indicate that by 
using this method of blending, a smaller number 
may be sufficient to give a representative nep count. 


To form a smooth bat, the ginned cotton and 


*A report of work done under contract with the U. 5 
Dept. of Agriculture and authorized by the 
Marketing Act 
Southern Regional 
of Agricultural and 


Research and 
The contract is being supervised by the 
Research Laboratory of the 
Industrial Chemistry 


Bureau 


other bulk cottons, such as wastes, are passed 


through the blender twice.  Slivers and _ rovings, 
having been partially paralleled in processing, form 
a smooth bat with one pass. The blender is set with 
the feed plate 0.05 in. above the blending cylinder 
4 U.S.D.A 
fiber blender manual, because the narrower spacing 


rather than in., as suggested by the 
helps form a smooth bat with less handling. It is 
important to reduce the amount of handling prior 
to counting because such handling tends to result in 
nep formation. 

The bat is laid out lengthwise and is divided into 
eighths. Since the two ends are more likely to be 
uneven than the middle sections, they are discarded 
Kach of the six middle sections is then run throug! 
the blender, and a portion of each web is caught on 
a suitable web-counting board as the web is pulled 
from the blender. The neps in each sample are 
counted, and the samples are weighed to the nearest 
0.5 mg. The number of neps per grain is then 
calculated : 


number of neps 
= neps per grain 
weight (g.) & 15.4 ps pers 


Results and Discussion 


The validity of the method was checked by two 
tests, the first to discover if the mechanical action of 
the blender made neps during the test, and the sec 
this 
method with counts on the card web for the same 


ond to compare counts after preparation by 
cottons obtained by the Clemson Fiber and Spinning 
Laboratory of the U.S.D.A 

To determine whether the blender makes neps, a 
6-g. sample of a ginned cotton having an average 


hand-blanded. 
into a hat 


number of 
this 


neps was One gram ot 


was formed which was divided by 


hese 


counted and weighed to give the nep count of a 


hand into six webs for counting. were 


cotton which had had no processing other than gin 


ning. The remaining 5 ¢. was treated as usual 
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TABLE I 


Errect OF MECHANICAL FIBER BLENDER 


ON Nep FORMATION 


No. of 


Passes 


Neps/grain 
ts 
28 
11 


Nean 


} ] 


two passes through the blender followed by divi 


sion into eighths. “Two of these sections were made 


into six webs, which were counted and weighed 


Phe remaining sample was blended eight more times 
(a total of ten passes through the blender), divided 
into eighths, and analyzed as previously described 

The results in Table | show that while the blendet 
does make neps, it evidently does not make them at 
two passes, which is the number of passes used by 
this method for making webs 

In order to check the accuracy of the method, 21 
cottons were counted at two stations—ginned cotton 


and second drawing. sliver Phe values obtained 


were compared with counts taken for the Same cot 
ton samples at the card web stage by the <lemson 
Fiber ‘SDA. [3] 
Vable Il gives the nep counts for each cotton at each 
ot the three 


and Spinning Laboratory, | 


stations lhe 


ginned cotton shows 


slightly lower values than card web, the second 


drawing sliver consistently higher ones. 
Neps were counted at nine processing stations for 


two cottons on which methods, rates, and condi 


tions of were carefully controlled. Six 


processing 
counts were made for each processing station. “The 


cottons were a matched pair of rain-grown and ir 


rigated cottons used as master samples in processing 


studies. 
These 


turity (84% and 87%), 


much alike in ma 


(4.1 


two cottons are very 


fineness and 4.2 pg 


rABLE Il Nepep Counts ON SEVERAI 


THRE! 


COTTONS AT 


PROCESSING STALLIONS 


Ginned 
cotton Card wel 


Second drawing 
sliver 
0.7 »2 ) 
7 ) 
] 


0) 


inv), and im other conventional fiber 


properti Ss, and 


were processed under as nearly 


identical conditions 


Fable II] 


than doubles the 


results in indicate 


its possible Phe 
clearly 


per ofl 


that processing more num 


neps present in the cotton lhe processes 


making the most neps were carding and roving 


Combing removes 


many and 


neps, but drawing 


roving again mcrease the number 


Summary 


It has been shown that the nep count of a cotton 


sample can be determined quickly and easily when 


ginned cotton, sliver, roving, or waste is prepared 


for counting with the aid of a mechanical blendet 


\gri 


time required for six counts on one 


of the type developed by the I S. Dept. of 


culture lhe 


sample is about 30 min., 


which is considerably less 


PABLE TI. Errecr or Processinc ON Nep FORMATIONS 


Ne ps/grain 


Processing station Cotton A Cotton 


(sinned cotton 9.1 10.5 
Opened cotton 11.4 11.2 
Picker lap 12.2 12.1 
Card sliver 19 19.9 
Second drawing sliver 2 0.6 
Roving 5 SO 
Comber sliver 1.5 
Finished combed sliver with 167% noi 64 


al . 
Combed roving : ne 7.0 
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The 
methpd permits a rapid evaluation of nep content at 


than that needed if preparation is by hand. 
all stages in cotton processing prior to yarn spinning. 
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Modification of Wool by the Application of 
Linear Synthetic Polyamides 


Part III: Pretreatment of Wool* 


D. L. C. Jackson 


Wool Textile Research Laboratory, Commonwealth Scientific and Industrial 
Research Organization, Geelong, Australia 


Abstract 


The presence of foreign materials such as soaps and oils on wool interferes with the deposi 
tion of N-alkoxymethyl polyamides when used for the prevention of felting shrinkage 

If the wool is rigorously cleaned by ethanol extraction or if the fiber surface is modified 
by pretreatment with hydrogen peroxide or other reagent, then the resin is able to attain its 
maximum effect and approximately 3% resin (based on the weight of the wool) is sufficient 


to prevent felting shrinkage 


It is suggested that both forms of pretreatment tend to improve adhesion between resin and 
fiber and so render the resin deposit more effective in preventing felting. 


Introduction 


It has been shown [7, 8| that modified nylon 
resins containing alkoxymethyl and/or hydroxy- 
methyl groups can be used to prevent felting shrink- 
age of wool fabrics. The fabric used in the above 
work was successively Soxhlet-extracted with petro- 
leum ether and 95% ethanol before treatment. 

When this process was used on a_pilot-plant 
scale, it soon became apparent that the alcohol ex- 
If it 
was omitted, then much greater amounts of resin 


traction was an essential part of the process. 


* Parts I and II appeared in the March, 1951, and Septem 


ber, 1951, issues, respectively 


were required to give satisfactory reduction in felt- 
ing shrinkage. The effect of possible contaminants 
such as soaps and oils on the felting shrinkage of 
resin-treated fabric was therefore investigated, and 
the effect of modifying the fiber surface without re 
moving ‘contaminants, by pretreatment with hydro 


gen peroxide, has also been examined. 


Materials and Methods 
N-Methoxymethyl Nylon 
Type CA nylon (DV-42) containing 8.2% total 
formaldehyde was obtained from Imperial Chemical 
Industries Ltd., Blackley, England 
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Wool 


wo commercially scoured worsted fabrics (4 
and B) 
hetore the work was completed, and it was neces 
htly dif 


were as 


were used. Supplies of .1 were exhausted 


sary to continue with B, which had a slig 


ferent construction Fabric constructions 


follows: 


‘ B 


Weave plain 
Warp yarn 2 


plain 


) 


30's worsted 30's worsted 


Weft yarn 2/30's worsted 2 
Ends/in. 3 7 
) 


30's worsted 


Picks/in. 2 20 
Weight (0z./sq. yd.) . 3.4 


Felting Shrinkage 


\ll tests were carried out in a 
of the 


using 0.05% 


washing machine 


horizontal cylindrical rotating 


Ai)” ¢ 


forty 6 in. square samples were washed in one run, 


cage type, 


solution at 37 Up to 


S( vp 


and area shrinkage was measured as described pre 
viously |7, 8]. The washing of treated samples was 
continued until untreated controls had shrunk 40% 


in area. This time varied, being about 30 min. for 


fabric «1 and 12 min. for fabric B 


Experimental Procedure and Results 


Soahlet Extraction of Fabric 


Samples of fabric .1 were treated in solutions of 


varying concentration of methoxymethyl nylon resin 
in 75% aqueous ethanol (75 ethanol/25 water, v/v 


and hydrolyzed, in 2N) HCl at 25°C for 30 min., 


according to the pre cedure deseribed previously [8]. 


Similar fabric samples were Soxhlet-extracted 


for Ohrs. (ca. 25 siphonings) with 95% ethanol and 


then treated as above. \ll samples were condi 


tioned at 6500 R.H. and 70°F, and were. weighed 


before and after treatment in order to determine the 
amount of resin deposited. 

lhe 
shrinkage of 


Pable I. 


It was found necessary to pretreat the fabric in 


effect of ethanol extraction on the felting 


these treated fabrics is shown in 


order to obtain effective results with small amounts 
of resin. 
The greater effectiveness of the resin when ap 


plied to solvent-extracted fabric may-be attributed 


to: (a) removal of contaminants such as SOaps and 


O17 


oils or (b) physical or chemical modification of the 


fiber surtace during extraction 


Liffect of Contaminants on Resin I: fthictency 


The following were chosen as representative of 


most classes of contaminants likely to occur on 


scoured wool: stearic acid soap, oleic acid soap, 


anionic, cationic, and nonionic detergents, oleic acid, 
mineral oil, Oliva 431, and wool wax 


Sodium secondary-alkyl sulfate, isolated from 
leepol 610 (Shell), was used as the anionic, cetyl 
pyridinium chloride as the cationic, and Lubrol W 
(it..4.) as. the Oliva 431 


(Shell) is a mineral oil containing additives to as 


nonionic detergent. 
sist emulsification in scouring 

These materials were applied to wool fabric 
been Soxhlet-extracted for 
ethanol. 


in a solution of the contaminant, squeezed in a 


which had previously 
6 hrs. with 95% The fabric was immersed 
wringer, dried, and then rinsed in several changes of 
water. Aqueous solutions were used for the soaps 
and detergents, and the other materials were dis 


‘The 


were then given a normal resin treatment, using 


solved in suitable organic solvents fabrics 


resin solutions of varying concentration to give a 
range of resin contents on the wool 
Results of the washing tests are given in Table II 
Mineral oil has the least effect on felting shrink 
l eltect 


age, and the anionic detergent has less than 


other contaminants 


even if the wool is almost free from contaminants, 


however, it is possible that they could accumulate in 


the resin solution if one solution were used for a 


number of under 


treatments, as could be the case 
The 


when added to the resin solution was therefore ex 


able IIT for fabric B 


industrial conditions effect of contaminants 


amined, Results are given in 


TABLE [.) krrect or SOXHLET EXTRACTION ON THE FELTING 
SHRINKAGE OF FABRICS SUBSEQUENTLY RESIN-TREATED 


Not extracted 
\rea 


shrinkage 


Iextrac ted 


\rea 
hrinkage 

(%) ) 

14 

4 
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rABLE II EFFECT OF 
SHRINKAGE OF 


CONTAMINANTS ON THE FELTING 


Restn- TREATED FABRICS 


\mount 
on wool 
(%) 


Area 
shrinkage 
(%) 


Resin 
Contaminant 


Crest chips* 1.0 : 25 
7 
I 


(stearic acid soap) 1.0 3 
1.0 2 } 


Cyco soap* 0 
(oleic acid soap) 0 
0 


Sodium sec-alkyl sulfate 


Cetyl pyridinium chloride 
Lubrol W 

Oleic acid 

Mineral oil 

Oliva 431 

Wool wax 


None 0 
0 
0 
0 


* Obtainable from J. Kitchen & Sons Pty. Ltd 


Mineral oil and Oliva 431 


in the resin solution, but they were taken up by the 


are not very soluble 


fabric, as indicated by the X values. The results 


are similar to those given in Table Il—1.c., mineral 
oil has the least effect, and the anionic detergent 
has less effect than other contaminants 

The contaminants show the following approximate 
decreasing order of interference with resin deposi 
tion: cationic detergent, nonionic detergent, oleic 
soap, stearic soap, Oliva 431, wool wax, anionic de 
tergent, mineral oil 
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PABLE III. Errecr or AppInG CONTAMINANTS TO THI 
RESIN SOLUTION ON THE FELTING SHRINKAGI 
oF TREATED FABRIcs 


Solution ( omposition 


Contami- 


\rea 


Contami nant Resin hrinkage 


( 
nant (7) 


Crest chips 


xs anst 


Cyco Ss0ap 


va) 


Sodium see 
alkyl sulfate 


ae oe 


Cetyl pyridin 
ium chloride 


Lubrol W 


0.4 


*X = © increase in weight after resin treatment (resin and 
contaminant). 


ry } “> loss in weight atter additional extraction with 


ethanol (contaminant) 


The presence of soaps, detergents, and oils either 
in the resin solution or on the fiber can thus reduce 
But 
not necessarily follow that if the wool is cleaned ot 


the effectiveness of the resin deposit. it does 
all contaminating matter the resin will attain its 
maximum effect. It is possible that ethanol extrac 
tion not only removes such compounds but also modi 
fies the fiber surface. It has been reported that hot 
alcohol can remove protein matter from wool [9], 
and Haller stated that it can modify the surface to 


such an extent that the scales become pitted |6| 
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PABLE III 


Solution compositior 


Contami 


\rea 
shrinkage 
iant ) (C7) 


( 


Contam nant 


Oleie acid ; : 31 
4 
) 
12 
Q 


Mineral oil 


Oliva $31 


Wool was 


Fabric not extracted 


Cold ethanol would be much less likely to modify 
the fiber surface than the hot solvent, and so further 
Soxhlet carried out for 


times, both with hot and cold 95% 


extractions were varying 
ethanol, and the 
amount of extract and area shrinkage of the resin 
treated fabrics were determined (Table IV) 

“Hot” extractions were carried out in a conven 
tional Soxhlet extraction apparatus with reflux con 
denser. “Cold” extractions were also carried out in 
a Soxhlet apparatus, but the distillate from the reflux 
condenser was passed through an extra condenser 
before entering the extractor. 

Although a short extraction with hot ethanol is an 
effective pretreatment, a considerably longer extrac 


tion 1s with cold ethanol. 


necessary Further, the 
amount of material extracted is not a reliable guide 
to the efficiency of the pretreatment. These results 
suggest that little or no fiber-surface modification is 
necessary if the wool is left ina sufficiently clean con 
dition, as cold ethanol would not be expected to mod 


With hot ethanol, 


modification 


ify the fiber surface significantly. 


where slight) fiber-surface may occur, 


rABLE I\ EFFECT O1 
EXTRACTIONS ON RESIN 


ETHANOI 
PREATMENT 


SUCCESSIVI 


\rea 
No. of shrinkage 


siphoning (%) ) 


( ‘ 


Extract 
Soxhlet extraction 


“Hot 95° ethanol l 


1.10 2.9 | 
1.20 ; 0 
1.27 : 5 0 
1.30 0 
1 
l 
l 


5 


15 7 0) 
18 


95°) ethanol 
None 


the pretreatment becomes effective before 


contaminating material has been removed 


Hydrog n Pe roxide Pretreatment 


Hydrogen peroxide has been used for the treat 
ment of wool prior to the application of methylol 
melamine resins [1], and Fluck stated [5] that the 
pretreatment causes the tips of the scales to he 
loosened from the fiber, which may increase adsorp 
The 


pretreatment as an 


tion and anchorage of the resin at these points 


effect of hydrogen peroxide 


alternative to alcohol extraction was therefore 


investigated. 
Preliminary experiments showed that sodium pyro 


phosphate stabilizer vave 


more satisfactory results 


than sodium metasilicate, and so the former was used 
in all experiments 
Samples of both fabrics —f and B were pretreated 
for varying times with varying strengths of hydrogen 
peroxide solution containing 0.89% sodium pyrophos 
phate at pH 10 and 50°C. 


was 20:1 


The liquor: wool ratio 
The samples were washed until neutral 


and then given a normal resin treatment 


The effects on felting shrinkage of hydrogen perox 


ide alone and of hydrogen peroxide followed by resin 
treatment are given in Figures 1 and 2 and Table V 

These results indicate that different fabrics may 
require widely differing conditions of peroxide pre 
before the effective In 


interpreting results, care should be taken to ensure 


treatment resin becomes 


that any reduction in felting obtained is not the result 
of the bleaching operation, which can also cause re 
duction 


In order to prevent undue weakening of 
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the wool, it 1s advisable to use the least drastic condi 
rABLE \ ErrECT OF HyDROGEN PEROXIDE Prt 


TREATMENT ON THE FELTING SHRINKAGE 0} tions of pretreatment consistent with an effective 
RESIN-PREATED FABRICS resin treatment 


HO, Fabric A Fabric B = ? ' 
niin Aiea Ria Treatment with Methylol Melamine Resin 

tration lime Resin shrinkage Resin shrinkage 5 ; 
ae ere (%) (©7) (©7) (OF) The hydrogen peroxide pretreatment has already 


‘ 


1 () 6 8 33 heen described [5] in connection with resin processes 


30) 3.3 | 5.1 using methylol melamine resins for prevention of 
60 Rs l 6.2 


80 0) 6 
120 0 6 whether extraction with ethanol is equally effective 


felting shrinkage of wool. In order to determine 


150 0 6.2 with these resins, samples of fabric .1 were: (a) pre 
180 6.2 


40 ; treated with 2 vols. HO. for 1 hr. at 50°C in a bath 


containing O.8% sodium pyrophosphate at pH 10, 
0 (>) extracted with 95° ethanol in a Soxhlet extrac 
tor, and (¢) given no pretreatment 
They were then treated with a Lanaset tvpe resin 
I+] known as Beetle Resin M310 according to the 
method described by Beetle-Elhiott Ltd. | 2] 
Felting shrinkage results are given in Table V1 
\s with alkoxymethyl polvamides, it is necessary 
to apply a pretreatment to the fabric if the maximum 
effect 1s to be obtained from the melamine resins, and 
both ethanol extraction and immersion in hydrogen 


peroxide solution are suitable pretreatments 


Discussion 
No pre 


If the felting of wool is to be prevented by the use 
treatment 


the least possible amount of resin, it is apparent 


SHRINEAOE 


SHRINKAGE 


APEA 


AREA 





2 


TIMK OF TREATMENT TREATMENT 


Ii l kiffect of hydrogen peroxide pretreatment 4 / ffect 
(O80 NaP.O;, pH 10, 50°C) on felting shrinkage NasF’.O:, 


of fabric A b) B 


ogen PP OX freatimient 


hrinkade 
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rABLE VI FELTING 
PREATED WITH 


ot Wool 
MELAMIN} 


FARRK 
RESIN 


SHRINKAGI 
Mi TrHYLo! 


\rea 
shrinkage 
Pretreatment 
H.O 
HO 


> vols 


> vols 


95°, ethanol extraction 


95°, ethanol extraction 


None 
None 
None 


from the experimental evidence described above that 


a pretreatment is necessary im addition to normal 


finishing treatments. Suitable pretreatments in 


clude extraction with hot ethanol, hydrogen peroxide 
bleaching, and probably other treatments which either 
clean the wool or modify the surface structure of the 
fiber 


The 


combination 


Melatis 
ot 


process of Ciba Ltd. is probably a 


chlorination and resin. treatments, 


while a combination of alcoholic alkali and melamine 


resin processes has also been used to prevent the 


| 3] both of 


“combined” processes, the chemical modification may 


felting shrinkage of wool In thes 


be considered as a pretreatment for the resin applica 


\lthough 


adequately reduce the felting shrinkage of wool pet 


tion many ot these pretreatments can 


se if carried far enough, it is not necessary totais 
them to this stage for them to be effective pretreat 


ments for the resin process. This will be seen from 


Table V. where iminer f fabric .f in 1 


VON « 


3 kiber-cast photographs 


fron 


(a) after treatment for 2 hrs. wi 
at pH 10 and 50° ( bh) afier Soxhl 


st] 


; 


drogen peroxide at 50°C for 30 min. does not reduce 


the felting shrinkage by itself, vet is a satisfactory 
pretreatment for the resin treatment 

Although soaps, Os, and other materials can. re 
lye 


certam 


duce the efficiency 
the 
that the 


of the resin, whether they 


on 
] ‘ 
solution, it 


hot 


wool or in the resin SCOTS 


function of the alcohol extraction 


retreatment is twofold: (a) at removes extractable 
| 


matter from the wool and (/) it modifies the fiber sur 


face. Surface modification is not sufficiently 


SCVCTE 


to be detected under the microscope. Figure 3 shows 


typical casts of fibers which have been (a) treated 


with hydrogen peroxide solution, (2) extracted watl 


hot ethanol, and (¢) untreated Only the peronice 


When 
samples of fabric extracted with hot ethanol and cold 
dyed the batl 
using Naphthalene Seat 
the hot solvent 
This 


from the 


treated fibers show signs of scale damage 


ethanol, respectively, were in 


Sci lie 


with the 
let 


unextraeted fabric, 


HS, the fabric extracted with 


dyed to a deeper shade than the others sug 
vests that slight surface modification result 


hot ¢ The 


moval of extraneous matter and sheht 


\traction combination of complete re 


surface modi 


fication brought about by extraction with hot ethanol 


suffices to give an effective pretreatment Prolonged 


extraction with cold ethanol, which cause 


noe surtace 


modification but comple tely removes extraneous mat 


hand 


remove 


Qn the othe 
vhich 


traneous matter but cause 


ter, is also effective hydrogen 


all ex 
s considerable surface modi 


then, 


peronide treatment does not 


fication, 1s equally ettective It would appear, 


slight 
ith 


only 


1 
Wool 


whey 


that with extremely cle: surtace 


nodihieation 


nece 1 moderate 


fit 


950 ethanol 





(,?2? 


clean or even dirty wool a more severe surface modi 
fication is required before the maximum effect is 
obtained by the resin deposit. 


It is possible to reduce considerably the felting 


shrinkage of a fabric which has not been pretreated 
While the 


use of large amounts of resin is generally not favored 


by applying a larger quantity of resin 


on the grounds of economy and harshness of handle, 
it is of interest to note that for a given amount of 
resin the aleohol-extracted fabric has a much harsher 
handle than a fabric which has received no pretreat 
ment. For example, an alcohol-extracted fabric con 
a similar handle to an 
unextracted fabric with about 6° 


taining about 30 resin has 


resin. In general, 
it was found that the harsher the handle after a given 
resin treatment, the more effective was the resin 
deposit in preventing felting, particularly in repeated 
washing. 

The two forms of pretreatment-——viz., fiber cleans 
ing and fiber-surface modification—are thought to be 
effective because both will tend to increase adhesion 
between fiber and resin and so result in greater re 
duction in felting. Oils and soaps which are able to 
spread over the fiber surface will form a barrier be 
tween resin and fiber, with consequent reduction in 
adhesion between them. Hence, a resin deposit on 
an untreated fabric will not withstand repeated wash- 
Ing because of the presence of residual soap and pos 


Mineral 


oil, which has no polar groups, would be less likely 


sibly oils from the final scouring operation. 


to form such a barrier, and so causes less interference 
than soaps 

It is that a 
cleaned and did not 


unlikely pretreatment which only 


modify the fiber surface—ce.v., 
cold ethanol extraction——would be industrially 


ticable : 


prac 


an optimum pretreatment would be one 
which combined both cleaning and surface modifica 
tion of the fibers. As reagents which modify the 
surface often tend to cause fiber weakening, a pre 
treatment which brought about appreciable cleaning 
and only slight fiber modification would be preferred 
to one which gave poor cleaning but appreciable sur 
face modification 

These remarks apply to the treatment of wool with 
alkoxymethyl nylon resins; it is likely that they are 


equally applicable to other types of resin 
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Conclusions 


1. In order that alkoxymethyl polyamide resins 
may achieve their maximum effect in preventing the 
felting shrinkage of wool, it is necessary that the 
fabric receive a pretreatment, such as extraction with 
hot ethanol or treatment with alkaline hvdrogen 
peroxide solution 

2. The function of the pretreatment is either to 
cleanse the wool from impurities such as soaps and 
oils, which interfere with the subsequent resin depo 
sition, or to modify the fiber surface, or it may be a 
combination of these actions, both of which will im 
prove fiber-resin adhesion 

It seems likely that the more efficient the cleaning 
operation, the less severe the surface modification 
with a 


needed in order to achieve the same effect 


given amount of resin 
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Measurement of Friction Between Single Fibers 


Part VII: Physicochemical Views of Interfiber Friction’ 


Nils Gralen, Bertil Olofsson, and Joel Lindberg} 


Swedish Institute for Textile Research. Gothen 


Derinc the last few vears, interest in the tr ratio 1s called the ‘coetficient of friction,.”” and 


tional properties of textile materials has increased denoted by p 
‘ 


] 
11 
i} 


steadily. lhe Importance of frictional properties \montons’ law at mly approximately valid 
in textile processes, such as carding, drawing, spin Phev hold fairl ll for metals, ice, and other hard 
ning, and fulling, is recognized, and their importance — materials, but ; less valid for fibers and othet 
for the properties of finished products, such as relatively soft materials Phe coefficient of  fric 
breaking strength and elastic properties of yarns and tion is not constant for fibers, but decreases when 
fabrics, handle, creasing, and abrasion of fabrics, the load increases This is shown by Figure 1, 
has been pointed out. which gives the relation between frictional force, /, 

\t the Swedish Institute for Textile Research, and load. Il’, for two viscose fibers hese meas 
we have concentrated on the interfiber friction urements were ade on the point friction meter, 
ic., the friction between single individual fibers where two fibers cross each other at a small angle 
There are well-known analogies (and also differ and the friction is measured at the point of contact 
ences) between the structure of fibers and the struc (3 rhe curve for static friction, which is the force 
| led the whe 


ne Ca 1 


necessary for starting the movement, follows an al 
“molecules” of the yarn. The cohesional forces be ; t 


ture of yarns, where the fibers may 


straight line, which indicates a constant 
tween the molecules in a fiber correspond at least lhere is a slight curvature of the line, but there 
partly to the frictional forces between the fibers in 


a more pronounced curvature for the kinetic friction, 
of the textile be 


a yarn. Therefore, for knowledge 
havior of fibers a thorough knowledge of the inter 
fiber friction is essential. The authors have studied 
it for several years, and have reported previous 
work in TEXTILE RESEARCH JoURNAL [3, 5, 6, 7, 
8, 9]. 

There are two classical laws ot friction which have 
been ascribed to the French scientist \montons, 
who stated them in 1699, but they were known 
earlier by Leonardo da Vinci and were mentioned in 
his .Votebooks. These laws tell us (17) that the 
force of tri is ind pendent of the contact area 
of bodies which are sliding on one another, and (2) 
that the force is proportional to the load acting 
perpendicularly to these surfaces—e.g., the ratio he 


tween frictional force and load is constant Phi 


Paper presented at The Fiber 
Princeton, N. J., Sept. 11, 1952 
Parts I-IV appeared in the September, 
\ugust, 1948, and April, 1949, issues 
‘ed in the July, 1950, issue 


vere madi 
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vhich is the force necessary 


to keep the tibers mov 
ing. When using the formula 


if 


iW 1) 


v1 


ve tind As a 
irst approximation a linear relationship is empiri 
between p and 1/W ( igure oY. A 


similar picture is found for other fibers—e.g., 


a decreasing p with increasing W. 
cally found 
wool] 
(see figures in [5] ) 
What is the 


\montons’ 


cause of friction, and how can 


laws and the deviation from them be ex 


plained? The first question that arises in the studies 


of these phenomena is this: how great is the real 


area of contact? It is obvious that rough surfaces, 
such as emery cloth and unpolished wood, can never 


come into intimate contact 


But it has been shown 
that not even the most polished surfaces are plain 
if they are seen from a molecular point of view 
[1] The best polishing can decrease the asperities 
to a height of 1000 \. or even 100 A., but even such 
a well-polished  surtace 


shows peaks and_ valleys 


with level differences of hundreds of atoms. Even 
the best smooth reflecting surface of glass or metal 
has peaks of the height of thousands of atoms 


When 


one upon another, the real contact area is therefore 


two bodies with such surfaces are 


placed 


much smaller than the apparent contact area and 1s 


} 


w 


005 010 015 mg?! 


between stati 


and 1/W_ for 


were made on the pot Trev 


ae Relation coefhicient of fru 


Mon, op ziscose fibers Veasurements 


fion niele 


TEXTILE RESEARCH JOURNAI 


lumited to just a few points, but these points carry 
an enormous pressure 

Bowden and Vabor [1] in their book on friction 
reviewed methods for measuring asperities and con 
tact areas on polished surfaces. For steel surfaces it 
was found that the real area of contact 1s often less 


lhe 
real 


than contact 


that the 
area of contact 1s independent of the apparent area 
ot contact. The 


OO01 of the apparent area ot 


most interesting result, however, is 


pressure on the small contacts will 
cle press the apices like clay, until the areas are large 
enough to carry the load without further deforma 
tion. 


This compression gives rise to an adhesion or 
] > 
] 
' 


even welding between the surfaces, and the explana 
tion of friction follows that shearing forces are nec 
essary to break the welds. 

that for 


all types and shapes of surface irregularities the real 
J » 


Bowden and Tabor advanced the theory 


area of contact is almost proportiopal to the load if 


This 


t 


the deformation is considered to be plastic. 


can le expressed 


Pn 


where «1 is the real area of contact and p,, 1s the 


yield pressure of the asperities. ‘The frictional force 
is the shearing force required to break the welds, 
and therefore is proportional to the area of the 
welds, «1 We can therefore write 


As, 


where s is the force per unit area which is necessary 


to shear the junctions. Combining equations (2 


} 


and (3 ) 


gives 


FAs 
WW” Adm Pn 


fl 


constant, 


and this is Amontons’ second law, with p= s/p 


that the 
area of 


Phis discussion also explains the first law 


friction is independent of the apparent 


contact. 

his theory holds for metals and other hard ma 
terials with a high modulus of elasticity. The defor 
nations are not extended over large areas, but are 
localized around the contact asperities ; therefore, 


the deformations are almost exclusively 


With 


erent 


plastic 


soft materials the situation is somewhat dit 
The deformations cover larger areas and 
therefore the local pressure is smaller, which means 


that the pressure might not exceed the yield point 
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ot the material for a large portion of the contact 


area, even if the yield point (or vield region of the 


pressure deformation curve is considerably lower 


than for metals 


Therefore, part of the deforma 


tion mav be elastic and may be recovered if. the 


pressure is released 

The elastic deformation does not give formulas 
which are 
toon We 


friction 


ats simple 
have 


meter, which has been used very 


as those for the plasti deforma 


treated the problem for the twist 


extensivel 


for our measurements [5] In that apparatus two 


fibers of equal or almost equal thickness are twisted 


a few turns at a small angle of twist (Figure 3) 


Phe tibers can be treated approximately is tw 


line along a mutual get 


s 


evlinders with a contact 


eratrix Phe small twist only keeps the evlindet 


from sliding apart in a transverse direction 


Che area of contact falls ale ng a st 


Most 


straight ine, the mutual 


i 


generatrin 
the material is rather soft and bendable, it 


assumed that the contact is real along a consid 
part of the contact line 
Hertz [4] 


and the 


calculated the distribution of prs 


ssure 


width of the deformation area for elastic 


bodies of various shapes and 
evlinders. His formulas are 


deformations 


pressure 1s distributed ellip 


deformation area (Figure 4) 


Phe TANI 


contact 


pressure il the central 


where ) halt the contact 


is the length of the are: cvlinders 


of the area is obtained 


Iv 3 | | acti 1} evlinder and / 
modulu material Con 


Dinu uv equ itions 


riR &* 0.91 


and kv 


is substituted by the hat 


inders are different, R 
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If the limit of elasticity is exceeded, a plastic flow 
will first occur around the middle of the contact area, 
will be left 
at the outer limits of the area of contact. For the 
ake of simplicity it is supposed that the limit of flow 
is well defined 


but two zones with elastic deformation 


In general, with plastic materials 
this is not true because the elastic and plastic defor 
mations overlap considerably, but this will probably 
not essentially influence the result of the following 
calculation. If this approximation is made, the gen 
eral picture of the pressure distribution will be as 
shown in Figure 5, with a constant maximum pres 
sure, P,, In the middle zone and symmetrically de 
creasing pressure in the two side zones with sup 
posedly purely elastic deformation. The shape of 
the pressure distribution curve in these zones must 
be discussed further. In Figure 5 are given three 


I, I/1, and JIT. For 7 the 


pressure is distributed ellipsoidically, and the axes of 


conceivable alternatives : 


the ellipsoid are the maximum pressure, P,», and the 


width of the elastic zone, 1; ry, Where 7; is half the 


total width of the deformation and r, is half the total 
width of that part of the deformation which is partly 


plastic. This case is conceivable because the pres 


ic. 5. Distribution of pressure between two cylin 


ders when the deformation is partly plastic and partly 


Pe 
clasty 
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sure distribution curve probably should not have a 


point of discontinuity at r= r 


p- . 
For the second conceivable case, J/, it is supposed 


that the pressure in the elastic zone is the same as if 
the curve 
A lower limit, 
‘ases J and 


no plastic deformation had occurred—i.c., 
has the same shape as in Figure 4. 
I/1, is given simply by a straight line.  ¢ 
IT] represent the extremes. 


The total load, WW, is given by the equation 


i } pdA = 2 pldr, 


Where «/ is the area of contact, / is the length of 4, 
and p varies with y according to the picture given in 
Figure 5. .\ simple geometrical calculation gives 


W = 2palr, + lpm? 


for case ]/ 
For an approximate estimation of the width of the 
elastically 


deformed area, 7; rp, We may wse tot 


mulas (5) and (6), putting Piras t 


vhich gives 


2p XK 0.91 
} 


Krom equations (9) and (10) we obtain 


HW’ 2pmR XK 0.91 
2lp, Fk: 


The total area of contact 


A 2li 


and by the application of the theory given in equation 


? 


(3) we obtain 


si’ : aslRp, 13 
0.91 (1 x/4) = 0.78 
case T/1 the 


(1 m+) will be replaced by a factor 1/z, 


where a is a constant | 


It is easy to see that for factor 
which 
gives a 1.16. 

Therefore, we may assume a general equation of 


the form 
alV + pik, 14 


where a are constants with the following 


relations : 





kor case // the calculations become tedious 


niore 


It has been found, also under the same assumption, 


that an equation of the same form as equation (14) 


gives a good approximation of the results, but then 


:xK Ot xX 
}: 


15a 


where f, and f, are implicit functic and can 


be evaluated graphically 


If the deformation is purely elastic, p,, should be 


calculated from Hertz’s formula; we obtain 


7: I] IR, 
WW here 


ae Ke ae 


0.91 


x 4 17 
Vi \ T Oy 


It is therefore obvious that from theoretical aspects 


we obtain deviations from Amontons’ laws both for 
the purely elastic and for the semielastic-senuplastic 


These 


pletely plastic deformations. 


deformations laws will hold only for com 


Dividing equations (14) and (16) by IV gives 


IR 


Mi 14a) 


: IR 
"NA 


an approximately linear relation 


16a 


\s shown before : 
] 


between » and 1 JV 1s found experimentally for fibers 


(see Figure 2). 


experiments with nylon and polyester fibers 


(‘Te rylen¢ ) show that the relation (14) holds well 
for these fibers also. They are uniform in thickness 
and are therefore 


The 


twist friction mete 


and have a circular cross section, 


suitable measurements 


It should be 


for such experiments 


vere made on the 


observed that the variation of the measured quantities 


relation 
“ 


0.9898 0.779; 
O.99S85 
0.9911 


0.9966 


O.60378 
0.6077 
O.86O04 


cannot be mad independently \ negative corre] 


tion between load, JI”, and twist length, /, 1s alway 


obtained This means that the twist is not ideal, but 


is tightened by a higher load Che values given here 


are obtained from measurements of kinetic friction 


our different pairs of nylon fibers easured 


hei 


cross-section 


were i 


thickness was 3 den., which corresponds to a 


kor 


. and 


radius, I, of 0.965 10° em 
each pair of fibers, 30 measurements were made 
measured were 


the quantities varied by varying the 


number of turns in the twist and the load applied 
Phe ranges of variation were: for 0.28-0.84 cm 
for Il’, 0.6-7.7 ¢ I*, 0.3-2.4 g 


Fable | gives the results of 


- and for (all ranges 


given approximately ) 


the multiple regression analysis based on equation 
(14), including the rest term obtained, A 
illustrated in Table I] 


by the partial coethcients of correlation 


The goodness of the fit is 


Seven Terylene tibers with different diameters were 
also measured at different loads The diameter 
NaOH 


possible to obtain a uniform reduction 


Was 


diminished by boiling in 10‘ solution. — In 


that way it1 


of the diameter without swelling the fiber |2| Phe 


variation in the radius was from 0.608 to 0.92 «x 10 
ci 


? 


Phe other ranges of variation were: for /, 0.36—-0.58 
cm.; for Ri, 2.5—5.2 ; ‘for W, 1.8-9.0 


and for /’, 0.9-3.1 g 
0.266, 8 = 12.7 « 10°, 
The partial coefficients of 


OUsSS0 


5 
Che calculations gave a 


and a rest term of 0.08 


correlation 


0.6348. 


were: 7; and ry vy 


It is obvious from both experiments that a for 


mula of the same general form as equation (14) cor 
responds we 


The 


about a coefficient of friction between fibers with 


l to the experimental result 


conclusion is that it is rather meaningless to 


inultaneously giving the experimental condi 


IV Varig 


and way of mea 


is, because the coefficient p / 


with load, 


urement (length of contact line) 


s consid 


erably fiber dimension 





(,7® 


Phe tactor a of equation (14) is obviously almost 
constant for various fibers of the same kind, and also 
The vari 
ation in B for the four nylon fibers is probably due to 
experimental error, because the term BA] contributes 
considerably less than the term aW to the value of J 


is about the same for nylon and Terylene. 


It seems certain that 2 is considerably greater for 
Perylene than for nylon 


Krom equations (15) and (15a) it should be pos 


ible to caleulate the values of s and p, if a and & 
are known 0.78 and the 
modulus of elasticity of nylon = 3 x 10° g 


If it is supposed that a 
cm, 
ve obtain from the experimental values of the nylon 
0.6 x 10° and },, = 2.3 < 10° g./cm’. Re 


> 
member that s is a measure of the strength of mate 


fiber SS 


rial in the welds and p,, is a measure of the yield 
pressure of the material. It must be kept in mind 
that the theoretical deduction is approximate, and 
therefore only the order of magnitude may be 
discussed. 

The 
¢y./cm.”, and the strength, s, 
70 of that. 


that the strength of the junction 1s much lower than 


strength of nylon fibers is about 4 x 10° 
obtained here is there 
fore only about 1 It might be supposed 
the ordinary strength of the material, but it is more 
probable that the contact 1s not complete, but 1s 
limited to smaller discrete contact areas along the 
fibers Therefore, the product s/s of equation (3) 


hecomes smaller, not so much by a smaller s than 


expected, but by a smaller ./ 

Phe value of p,, 1s about 1 20 of the nylon strength 
The yield limit of a fiber material is not well defined 
because the plastic and elastic deformations always 
overlap. If it is considered that the yield limit is 
only part of the strength and that the fiber strength 
is measured in the fiber direction, whereas p,, 1s re 


lated to a transverse direction where the material 
probably yields much easier, the value obtained for 
p,, seems reasonable. 
Since B is greater for VPerylene than tor nylon, both 
y and Po must be greater for Tervlene, at least for 


We do not think 


that too much importance should be given to this 


the samples studied by the authors 


difference obtained here, because the matter cer 
tainly needs more thorough investigation with differ 
ent types of nylons and polyester fibers. An imerease 
of s might mean an increase of the complete contact 
proportion of the contact line. \ higher p,, means a 
higher yield limit in the transverse direction of the 


fiber 


, 
WES VRC H 
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Summary 


1. The classical laws of friction of Amontons are 
are not valid for interfiber friction. The coefficient 
of friction is not a constant, but decreases in general 
with increasing load. 


2. The interfiber friction is discussed on the 


basis 
of the theory of Bowden and Vabor, according to 
Which the foree of friction is proportional to the real 
area of contact 

3. When two tibers are pressed together under a 
certain load, HW’, a deformation 


will occur which is 


partly elastic and partly plastic. It is possible to 
deduce theoretically from this assumption a formula 
for the force of friction, /, 
alV + BIk, 
which shows that the coefficient of friction, » =F IV, 
cannot be constant for materials of the kind used in 
textile fibers, but depends also on the product /R, 
where / is the length of the contact line and F is the 
The 


which are related to the elastic and plastic properties 


fiber radius. factors a and £. are constants 


of the material 
t. It is shown that the theoretical relation obtained 


gives a good description of experimental results ob 
tained for nylon and polyester fibers 


a 


From the experimental results the values of « 
and # are calculated and related to the shear strength, 
It is 
shown that the values obtained are of the right ordet 


s, and the yield pressure, p,,, of the material. 


of magnitude 
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Mechanical Properties of Cotton Fibers 
Part III: Effect of Alkali Hydroxide on Fibers Under Tension* 


E. L. Nimer,t J. A. Lasater,{ and H. Eyring ** 


The Institute for the Study of Rate Processes, 


ALK ALI HYDROXIDE solutions acting on 


cotton tibers under axial tension 


cause struc 


tural changes, as shown by the modified mechanical 


properties of the fiber. * Stress relaxation curves tor 


singly stressed cotton tibers were studied because 


they, 


together with stress-elongation curves, chat 


acterize closely the mechanical 


properties ot a 


material [8 Under the initial test 


conditions 


water-submerged fiber) 


successive fiber elongation 


followed by relaxation gave relaxation curves which 
were identical within experimental error. Relaxa- 
tion curves were measured and interpreted for the 
sodium, 


respective rea tions ot 


potassium, and 
The effects of 


reagents on cotton fibers were of 


lithium hydroxide solutions these 
added interest as 
the experimental conditions were similar to those 


achieved during the mercerization of cotton. 


Experimental 


Phe instrument and methods used were identical 
The 


fibers 


to those reported in Part | ot this series | 5 


method of obtaining relaxation 


curves tor 


immersed in alkali hydroxide solutions was the same 


Phis paper is part of the Ph.D. dissertation of Ek. L. Nimer, 
y of Utah, 1952 
Parts | and Il appeared in the April and July, 1953, issue 


respectively, of TREX TILI 


University 


RESEARCH JOURNAI 


lhis work wa Othce ot 


supported in part by the Naval 


Kesearch 
+t Present address alifornia Research Corp., 
Calit 


Ii hmond, 


addres Field Re 
o., Dallas, 
of the Graduate School, University of Utah 


t Present 
Petroleum ¢ 
* Dean 


Magnolia 


search Laboratori 


I< Xai 


University of Utah, Salt Lake City, l'tah 
as that reported for studying the effects of acids on 
cotton fibers under tension [6 

\ brief des ription of the experimental tor hnique 
getting the relaxation 


used in singly 


curves tor 
tested cotton fibers along with a typical data curve 
to be used as an aid in understanding the experi 
mentally measured curves follow 

The tiber was prepared for testing by attaching 
one end to a small glass hook and the other end to 
al small wire hook by 
Rohm & Haas A-10). 
distilled 
48 hrs 


on the fiber during this time 


means of an acryloid resin 
It was then submerged in 


water at room 


temperature for at least 


, care being taken that no tensile force acted 
in the torce relaxa 
tion experiments the fiber’s length was measured, 
and then the fiber was mounted within the reaction 
chamber and attached by its wire hook to a stirrup 
sitting on a knife-edge affixed to the balance beam 


Measurement of the singls 


mounted fiber unde 


the various test conditions may be deseribed with 


the use of a typical autographic data curve (Figure 
1) Phe following sequence of operations was em 


Phe tibet was elon 


ploved submerged in water 
0.0717 cm 
force was reached This is shown 
A and B Krom B to C the 
force relaxation curve (at constant fiber elongation) 
is recorded \t C the 


and the appropriate alkali 


gated at a constant rate of min. until 


some arbitrary 


by the curve between 


point water was removed 


hydroxide solution Was 
pipetted into the reaction chamber The rapid 
force relaxation that occurred during this operation, 


called the 


“instantaneous relaxation” [6], 1s rep 





TON SAMPLE SEED 
ATMOSPHERE WATER 
6M NAOH 
TEMPERATURE 60°C 


ELONGATION 


the and D.: 
When the time rate of change of the curve between 


resented by curve between points C 
D and FE was of the same order as that of the latter 
portion of the curve between B and C, the fiber was 
the until a 
slightly larger force was supported by the fiber than 
The re 


laxation curve in alkali at fixed fiber elongation was 


re-elongated at same rate as before 


that at the end of the initial elongation. 


then obtained, as shown between F and G. 


These investigations were conducted on seed 
cotton fibers from the same stock as used in the 
previous work [5,6]. It was Upland Cotton Strain 
No. 234 (grown at Las Cruces, N. M., 1949; grade, 


Strict Middling or Good Middling). 


Alkali solutions of sodium, potassium, and lithium, 


hydroxides were used. Solutions were prepared at 
the following concentrations: 0.5, 1.0, 2.0, 3.0, 4.0, 
and 6.0 molal. 


were obtained at each of the fixed concentrations otf 


Three or more curves like Figure 1 


alkali and at each of the temperatures 0°, 20°, 25°, 
40°, and 60°C. 


at other concentrations and temperatures of par- 


Additional curves were obtained 


PABLE [.) Revative Force Repuction DETERMINED 
FROM INSTANTANEOUS PORTION OF CURVES 


FOR Fipers IMMERSED IN NAOH 
Relative force 


Concentration Mean ionic 


of NaOH 


(molality) 


reduction 
(Af/f) 


activity ol 


NaOH* 
0.35 


O41 
0.68 


0.50 
0.60 
1.00 


0.03 
0.04 
0.08 


1.32 0.90 
2.00 1.40 
2.80 210 


0.10 
0.16 
0.24 


3.00 
4.00 
1.41 


0.25 
0.34 
0.38 


6.00 
6.25 


8.01 
8.56 


0.47 
0.48 


* Harned, H. S., and Owen, B. 
of Electrolytic Solutions,” 
lishing Corp., 1943 


B., “The Physical Chem 
New York, Reinhold Pub 


istry 


INITIAL LENGTH 
ELONGATION RATE 


0.2 
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Typical autographic data curve. 


329 CM 
DOT? Ohh / nie 
35 cM 


Mallincekrodt’s 


lytical-grade reagents and distilled water were used 


ticular interest. Baker's or ana 


in the preparation of the alkali hydroxide solutions 
The solutions were prepared in concentration units 
EY, 


of molality with a precision ot 


Results 


Iwo portions of the data curve shown in Figure 1 


best reflect the effect of alkali on the mechanical 


properties of the fibers. These are the portion 
between C and D, designated as the “instantaneous 
relaxation” section, and the portion between F and 
G, called the 


in alkali.” 


“relaxation curve after re-elongation 
Since these two parts of the curve are 
of a different character and represent fiber behavior 


under different test conditions, they are treated 


separately. 


The instantaneous relaxation of the force on the 


fiber occurred as rapidly as the alkali hydroxide was 
added to it, and Was complete by the time the fiber 
the alkali 
With the present experimental arrangement it was 


became entirely immersed in solution 
impossible to measure accurately the time needed 
lor completion of this rapid effect of the alkali on 
the fiber, although immersion occurred in less than 
of instantaneous relaxation 


’ min. The amount 


was extremely sensitive to the concentration of the 


TABLE II. 
FROM 


RELATIVE Force REDUCTION DETERMINED 
INSTANTANEOUS PORTION OF CURVES 
FOR FIBERS IMMERSED IN KOH 


Meat TOL 
activity ot 
KOH * 


Concentration 
of KOH 
(molality) 


Relative force 
reduction 
(Af/f) 
0.50 
1.00 
2.00 


0.36 
0.76 
1.80 


0.090 


3.00 3 
4.00 
6.00 


26 
5.41 


* Harned, H 
ot 
lishing Corp., 


S., and Owen, B. 
Electrolytic Solutions,” 
1943. 


B., ‘The 
Ne WwW \ ork, 


Physical Chem 


istry Reinhold Pub 
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alkali solution and independent of the temperature 
within the temperature. range ol 0° to 60°C Even 
at the higher alkali concentrations where the instan- 
taneous force relaxation was the greatest, the effect 
of the alkali was such that none of the fibers tested 
were observed to break. This was in contrast to 
the effect of acids on the stressed fibers, where the 
higher concentrations of mineral acids caused the 
fibers to break during the addition of the acid. 

Phe amount of instantaneous force relaxation at 
a given alkali concentration was a function of the 
force supported by the fiber just prior to the addi 
the In order 


the 


tion of alkah solution. 


to compare 


curves for the different. fibers “relative force 


the 
quotient of the amount of the instantaneous force 


reduction’? was calculated It is defined as 
relaxation observed on the addition of alkali, Af, 
represented by the distance between points C and D 
in Figure :; divided by the torce supported by the 
fiber just prior to the addition of the alkali, f, rep- 
the from A to D 


Repeated measurements of the relative force reduc 


resented by vertical distance 
tion, Af /f, at a given concentration and temperature 
1°. 
reduction values for seed cotton fibers measured at 
23°C 
droxide and potassium 


Fables I and II. 


Graphical representations of the relative force 


were in agreement within Relative force 


and at various concentrations of sodium hy- 


hvdroxide are given in 


reduction versus the concentration of sodium hy- 


droxide and potassium hydroxide, respectively, are 
shown in Figure 2. These curves indicate that the 
relative force reduction tends to approach a limiting 
the higher alkali hy 


value at concentrations of 


droxides. ‘This tendency is more evident when the 


relative force reduction is plotted versus the mean 





MOLALITY) 


from 


tof NaOH solution. 


“— 
initial force 








€ 


TRATION OF HYI KIDE «woum 


Fic. 2 ( reduction 


mpartson of curves of relative force 


versus concentration of alkali 


activity of the alkali hydroxides, as shown in 
3 and 4. 


hvdroxide causes a greater 


ionk 
‘igures Figure 2 shows that potassium 
relative force reduction 
than sodium hydroxide at any particular alkali con 
centration (molality). Lithium hydroxide accounts 
for an even smaller force reduction than sodium o1 
potassium hydroxide. ‘The relative force reduction 
for these alkali hydroxides varies inversely as the 
degree of hydration of the alkali cations [4 he 


more the alkali ion is hydrated, the less it is able to 


penetrate the cotton fiber’s structure 


From the above curves it is apparent that the 


with the molecules in the 


the 


alkah hydroxides react 


stressed fiber and cause mstantaneous torce 


reduction presumably by breaking certain bonds 


that support the load The total force reduction 
was proportional to the most concentrated solution 
used, and was independent of the order or number 


alkali Phe 


even alter removal ol the alkah, are 


of additions of solution to the fiber. 


broken bonds, 


te TTON 
TEMPERATURE 
THEORETICA 


EXPERIMENTAL PF 


Force 


wnstanta 


initial force from curve 


ect of KOH 


reduc {to 


olution 


Neon etl 
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unable to move back against the force to assume 
their original positions, but combine with the new 
neighbors in a relaxed position. From the nature 
of the reagents and the rapidity of the reaction it 
appears that the bonds which are attacked by the 
alkali solutions are secondary valence bonds, prob- 
ably hydrogen bonds between cellulose chains. 

The proposed reaction of the alkali hydroxides 
with the native cellulose of the stressed fibers 
appears to proceed until it achieves an equilibrium 
written 


state. This reaction may be 


K 
C, + MOH @ C,,- MOH, (1) 


where C, is the concentration of native cellulosic 
bonds which support the force on the fiber and are 
labile to the action of the alkali hydroxides, result 
ing upon reaction in a reduction of the force sup 
ported by the fiber, C,- J7OH is the concentration 
of cellulose bonds which have reacted with a mole 


alkah 


appropriate alkali cation, and A is the equilibrium 


cule of the hydroxide, AJ represents the 


constant. The expression for the equilibrium con- 
stant for the reaction shown in equation (1) is 
F (C,-. MOH) : 
K , (2) 
(C,) (MOH) 
In order to relate these quantities to the expert- 
mental quantities and thus evaluate the equilibrium 
constant, it was assumed that the limiting value of 
the relative force reduction is proportional to the 


SEED COTTON 


| 
| 
| 


Reo14 





valuation of Afo f and the 
equilibrium constant, K. 
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total number of bonds that could react with the 


alkali hydroxides. In terms of the measured quan- 
tities, the relative force reduction, Af/f, is consid- 
ered to be proportional to the number of bonds that 
have reacted with the alkali hydroxides at equilib 


rium. Using these relations, equation (2) becomes 


Af/f 
AJo/ J Af/f) 


x VOH 


where Af 


reduction. 


f represents the limiting relative forces 


To the extent that broken bonds re 


form in an unstressed position, Af overestimates 


Phe 


indicate that this dis repaney does not vitiate the 


their true concentration. results to follow 


analysis. Equation (3) may be written in the form 


Af/f 


—-. MOH) ) 
m= . 


Equation (4) was rearranged to give the following 
equation, which is used to evaluate the limiting 
relative force reduction value, Af./f, and the equi- 


librium constant, A: 


1 1 1 
WOH Af. f 


Af f 
A plot of 1 


ionic activity of the sodium hydroxide is shown in 


K (Af./f) 


(Af/f) versus the reciprocal of the mean 
Figure 5. The limiting value for the relative force 
reduction of unity was evaluated from the intercept 
of this plot, and similarly the corresponding value 
of unity was obtained for the potassium hydroxide- 
treated fibers. The equilibrium constants of 0.14 
for sodium hydroxide- and 0.22 for potassium hy 

droxide-treated fibers were evaluated trom the slope 
of this plot. Using these values tor the equilibrium 


constants and the value of unity for the limiting 
value of the relative force reduction, the relative 
force reductions at various alkali concentrations 
were calculated using a rearranged form of equation 


(4). 


solid curves in Figures 3 and 4. 


These calculated values are plotted as the 
Phe experimental 
points were also plotted on these graphs to give a 
comparison of the experimental and theoretical 
results. 

Phe limiting value tor the relative force reduction 
that 


solutions of alkali were capable ol completely re 


of unity indicates sufficiently concentrated 


laxing the force on the fiber. From thermodynamics 
the equilibrium constant is related to the standard 


Gibbs) free energy change, AF’, for the reaction by 


AF RT in A 6 
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Since 


AF All 1 AS° 


Alf, 


entropy ch inge, AS°’, can be evaluated 


the standard enthalpy change, ind standard 
Phe stand 
ard enthalpy change and standard entropy change 


All 


was found to be equal to zero since the equilibriun 


accompanying reaction 1) were calculated 


is temperature independ nt, and AS? was found to 


be equal to 3.9 ecu. for sodium hydroxide and 
3.0 eu. for potassium hydroxide 
Comparison of experimental data with theoreti 


cally cal ulated data showed excellent 


ivreement 
Chis supports the explanation of the reaction be 


the and the alkah 


limiting value of the 


tween bonds of the cellulose 


hydroxides Phe reduc 


force 


tion has been described as being related to the 


accessibilitv. of the cellulose to the reagent | 6 


Phe value for this quantity of unity indicates that 


the structure of the cotton fiber is completely 


his is 


eNpel iments, 


alkah 


substantiated by 


sible to the hydroxide reagents 


x-ray diffraction 
which show that alkali hvdroxides of sufficient con 
centration are capable of penetrating and reacting 
with both the amorphous and the crvstalline regions 
in new ervstalline lattice 


of cotton fibers, resulting 


dimensions | 2, 9 In terms of the x-ray structure 


of cellulose, the two concurrent reactions which 


occur during the time the alkali is added to the fiber 
are (1 
part, and ?) the 


thre absorption of alkali by the amorphous 
reaction of alkali with the crystal 
Both ot 


imorphous or 


line part forming sodium cellulose 9 


these actions tend to create 


With 
of the cellulosic bonds which support the force are 
This ills ob 


served force reductions 


more 


disordered regions these reactions certain 


released leads to the MAacroscopt 


The typi t] relaxation curve tor a single seed 


ilk ili 


1 between pomts | 


cotton fiber immersed in iter re-elongation, 


shown in Figure ind G, has the 
same vcne ral shape 


the tibet 


is the corresponding curve for 


immersed in water It was analyzed in 


the same manner as the curves for air-dried o1 


water-saturated cotton fibers 5 The 


nature ol 
this curve indicates that it is a combination of two 


relaxation processes proceeding it different rates 


Phe resulting empirical equation is 


where F is the total force on the fiber at time f 


during re] ixation ol the fiber, « ind cs are constants 
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depend nt on the initial loading force on the fiber, 


ind r, and r, are the apparent fast and slow relaxa 


tion constants for the relaxation processes measured 
it constant fiber elongation 


Phe parameters ry, ro, ¢ ind co were evaluated 


, 
from the experimental relaxation curves Phes 


were then substituted in equation S ind data for 
ileul ted Phe st ire 
solid 


small 


the relaxation curs were ¢ 


plotted in’ Figure 6 as the curve, and the 


measured points are shown «as circles kon 


the relaxation curve time was chosen as i 


7erTo 


instant that elong ition or re-elongation ot thre fiber 


was stopped. Relaxation curves measured at vari 


alk ili 


were obt ined 


concentrations and test 


OuUs 


l¢ HIper itures 


md analyzed according to equation 
8), and the rates 7 ind 


( ills Phe st 


for sodium hy 


were evaluated graphi 
ables TIL VI 


values were 


results imé shown itl 


droxic Phe } found 


to be tpproxiniate ly 100 to 1.000 times as hare is 


the vr. values Phe fast relaxation process, ? 


complete in the tirst 5915 min. of the tiber’s relax 
relaxation has been followed tor 
$00 min 


decre ase «at thie 


tion | hie slow 


is long as and it wa still contintuine to 


same rate at that time The re 


laxation constants are a function of the te Mmperature 


ind of the concentration of the alkali solution 


Phese relaxation processes lead to the concept 


that viscous and elastic clements connec ted in pal 


el or in series approximately determine the be 


fiber | 8 Such 


havior of the mechanical models 


mathematical 
\lthough there 


ervstalline or 


ire useful because thes permit a 


treatment of the fiber’s behavior 
ire some objec tions to their use in 
partly erystalline polymers, they can be used suc 


cessfully within certain experimental ranges | 1 


me DICK laxati after 
NaOH at 60 
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PABLE TIT. Revax 


OF ACTIVATION AT 0°C 


SATION CONSTANTS AND FREE ENERGIES 
FOR WATER-SATURATED SEED 
IMMERSED IN 


SOLUTIONS 


CoTtON FIBERS 


Hyproxtipt 


SODIUM 


Concen 
tration 
of NaOlH 


(molality 


0.00 
0.50 
1.00 


50 
00 
50 


FABLE \ 
OF ACTIVATION Al 
COTTON 


RELAXATION CONSTANTS AND FREE ENERGIES 
10°C POR WATER-SATURATED SEED 
FIBERS IMMERSED IN SopIUM 


HYDROXIDE SOLUTIONS 


Concen 
tration 
ol NaOH 
(molality) 


0.00 
0.50 
1.00 


My?) 
YQ OS 


IR OF 
1.50 


OO 


50 


IK RS 
® O) 


3.00 
1.00 
5.00 


6.00 
7.00 
8.00 


O.SS56 


0.950 


Phe proposed mechanical model for the behavior 


of cotton fibers under the conditions of these tests 


was the same as that previously used in explaining 


the relaxation curves for air-dried or water-satu 


rated cotton fibers [5 It consists of two Maxwell 
units (one elastic and one viscous element in series 
connected in parallel and used in series with another 
viscous element. The two Maxwell units are active 
during the measurement of the relaxation curves 


for the fibers immersed in alkali. The mathemati 
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PABLE I\ RELAXATION CONSTANTS 
OF ACTIVATION AT 25°C 


AND FREE ENERGIES 
FOR WATER-SATURATED SEED 
FIBERS IMMERSED IN SODIUM 
HypDROXIDE SoLt 


COTTON 


PIONS 


Concen 
tration 
of NaOH 


molality 


0.00 
0.50 
1.00 


l 
0.994 
0.954 


O91] 
0.933 


1.10 





PABLE VI RELAXATION CONSTANTS 
OF ACTIVATION 


AND FREE ENI 
at 60°C FOR WATER-SATURATED SI 
Cotton FIBERS IMMERSED IN 

HypROXIDI 


SoprIUM 
SOLUTIONS 


Concen 


tration 
of NaOH 


(molality) 


0.00 
0.50 
1.00 


50 


1.00 
5.00 


6.00 


7.00 
S00 





cal analysis of this model was identical with that 


reported previously e) 


Phe general solution for the two relaxing units 1s 
A f;°e om A foe ott! 9) 


where F is the total macros« opi force on the fiber, 
A is the effective cross-sectional area of 
f° and 


initially, 


the fiber, 
are the forces on the Maxwell elements 
g, and go are elastic spring constants, and 


n, and 7 represent coethe ients of viscosity for the 





SEPTEM BI 


two dashpots | the coetticrents im 


pon equating 
8) and (9), the 


vere obtained 


equations following relationships 


10 


N», 11 


where 


the designation r, with the subscript 1 is 


ihitrary. Further simplification of the equation 
Is possible by applyi lg the theory of absolute rea 
the viscosit, 


tion rates to 


cocthicient 3 hie 


eXpression for the coethicient of viscosity is 


Ayf 


1)? 
FrYoASA/2RT 


2\k' sinh 


where A; is the distance between layers of moving 
molecules, f is the force per square centimeter tend 
ing to displace one layer of molecules with respect 
to the other, AoA 


segment of the molecule, \ is the average 


is the effective area of the moving 
distance 
between two equilibrium positions in the direction 
of flow, & is Boltzmann's constant, 7 is the absolut 
temperature, and k’ is the rate constant giving the 
number of times per second the flowing segment 
passes over the potential barrier \lso from rate 
theory and thermodynamics the rate constant, k’ 
can be derived in thermodynamt 


terms ol fun 


tions. The free energy of activation for flow across 
i potential barrier is related to this constant by th 
equation 


rkle 


Hl 


where x 1s the transmission coetticie nt, his Planck's 
constant, AF 
flow 


is the free energy ot activation tor 


over R is the universal gas 
12) for k’, substi 


the quantities in equations (10 


the barrier, and 
constant. By solving equation 
tuting for and ? 
ind (11 


right ol equation 13) for k’ 


then substituting the expression on the 
and simplifving, one 


obtains 


nr, f 

AF RT \n 14) 
2kkT gd sinh (frAdAsA/2R7 

Newtonian tlow, 2k7 frX.A\.A, Whence 


perbolic sine can be approxim ited by 


kor the hy 


a St ries: by 
substituting and cancelling like terms, the following 


equation is obtained : 
r Ayr 


Al RT In , 15 
A\AvAgL 


AF* could be evaluated by approximating A, Aj, A 


and As from the unit cell 


dimensions (minimum 


ENTROPIES OF ACTIVATIO? 
ONSTANTS FOR WATER 


SATURATED St Corron 


IMMERSE! 


FineRS 
Soprum Hy 


DRONIDI OLUTIONS 


Concen 
ration 
t NaOH 


0) 
O50 


1 iM 


values and 


values Ol ¢ ina } oblt ined, respec 


tively, from the literature and from eXperimn ntally 


Value s lor 
the 


measured data tabulated herein these 


AF 


dynes ‘cm 


parameters that were used to 


evaluate 


terms were as follows: ¢ 5x 10 
Ay LOA between 
\ 5A length anh 


a distance between 


chains 
unit), A 
ind A LOA 


values were eval 


distanes cellulose 


drog lucose 
3.0 A 


c distance 


ttomis 
toms) Ak 
equation 15) 


V1 tor 


iree enere’ ol 


between 
uated using 
Pables T11 

From. thi 
enthalpy, A// 


for the relaxation processes are 


ind these are given in 


sodium hy ited fiber 
AF*, the 


and the entropy, AS*, of activation 


caleul ited by 


droxide-tre 


wtivation, 


using 
the standard equation, 


\/: All TAS 


ind these Pable VII Phe 


enthalpy values are smaller than for water-immersed 
fibers 


values are tabulated in 


However, th ire Within the range of ener 


gies for van der Waals’ or hydrogen t1 pe bonds 


Phe entropy values are more negative than those 


for water-immersed | fibers Phe high negative 


\ tlues ire explained is possibly being luc lo 


the improbabilits of segments of cellulose molecules 


becoming oriented before viscous flow can 


prope rly 


The sf 


ment with the ch LnVveEes Oe 


occur | 5 changes are in ree 


entropy it 


urring within the eryvstal 


line strueture caused by the alkah 





PABLE VILL. RELAXATION CONSTANTS AND FREE ENERGIES 
or ACTIVATION AT 15°C FOR WATER-SATURATED SEED 
CorTrron FIBERS IMMERSED IN POTASSIUM 
HypROXIDE SOLUTIONS 


Concen 
tration 
of KOH 


(molality) 


0.00 
0.50 
1.00 


OO 
$00 
1O0 


6.00 


The relaxation curves for potassium hydroxide 
immersed fibers were treated in the same manner as 
The fast 
relaxation constants and the free energies of acti 
Tables VITI-X, and the 
enthalpies and entropies of activation are found in 


Fable XU. 


fibers immersed in sodium hydroxide were arrived 


those for sodium hydroxide. and slow 


vation are tabulated in 


Similar conclusions to those drawn for 


at for potassium hydroxide-treated tibers. 
Alkali hydroxides had a pronounced effect on the 
relaxation constants, the greater effect being on the 


relaxation constants for sodium hy- 


slow relaxation constants. variation of the 


fast and slow 
with the concentration ot 


droxide-treated fibers 


alkali is shown in Figures 7 and 8 The numerical 


Fables [TIT-VI. 


the general shapes of the ry and 7 


values are given in Qualitatively, 
curves are the 


same. The various portions of these curves are 


explained as being due to the properties of the hy 


Vartation of fast relaxation constants with con 
centration and temperature of NaOH. 


IK ESEARG 


PABLE IX. ReLtaxation CONSTANTS AND FREE ENERGIES 
or ActTIVATION AT 25°C FOR WATER-SATURATED SEED 
Corton FipeERS IMMERSED IN POTASSIUM 


HypROXIDE SOLUTIONS 


Concen 


tration 
of KOH 


molality ) 


0.00 
0.50 
1.00 


OO 
3.00 
Loo 


6.00 


drated alkali cations, using the hypothesis of the 


penetration and swelling of the fiber by the hy 
drated ions 

\t each temperature the change in the relaxation 
constants may be explained as follows. [t is as 
sumed that the change in the relaxation constants 
is dependent on the degree to which the fiber has 
the hvdrated cations under the 


The 


changes the structure, resulting in different relaxa 


been modified by 


conditions of the test. reaction or swelling 


tion constants. Qualitatively, the rate of relaxa 
tion is then proportional to the amount of reaction 
fiber. 


or swelling within the \t each particular 


temperature, as the concentration of sodium hy 


droxide increases, so does the number of hydrated 





, 
Vartation of slow relaxation ¢ 


centration and temperature 
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IABLE X RELAXATION CONSTANTS AND FREI 
OF ACTIVATION AT 


ENERGIES 
35°C FOR WATER-SATURATED SEED 
Corton Fibers IMMERSED IN PoTASSIUM 


HYDROXIDE SOLUTIONS 


Concen 
tration 
f KOH 
molality 


O00 4 96 
14 8 


100 484 


0.50 


OO 5 S00 
s.00 
1.00 


6.00 


cations; this results in an increase of the relaxation 


rate constants with the concentration of alkali \s 
alkali 
that the 


the concentration of increases still further, 


it is assumed sodium ions become less 


hydrated, the size of the entering unit decreases, 
This 


causes a decrease in the relaxation rate for the fiber 


and swelling and other effects are lessened 


It explains the decrease in the value of the relaxa 
with the 
\ decrease 


due to the limited amount of 


tion constants for fibers) treated more 


concentrated sodium hydroxide in hy 


dration of the tons, 


water and the ever-increasing number of sodium 


ions at continues until 


the higher concentrations, 
take 


fiber 


the sodium ions water molecules from the 


water-saturated This decreases the relaxa 
tion constants until they are even less than that for 
the water-saturated fiber. Phe degree of hydration 
of the cations is also assumed to be related to the 
temperature: the higher the temperature, the less 


the degree of hydration at a particular concentra 





Variation of fast relaxation constant 


temperature of KOH 


centration and 


rTABLE NI ENTHALPIES AND ENTROPIES OF ACTIVATION 
FROM THE RELAXATION CONSTANTS FOR WATER 
SATURATED SkED CoTtTron FIBERS 
IMMERSED IN PorassiumM Hy 


DROXIDE SOLUTIONS 


Concen 
tration 
of KOH 
(molality) 
0.00 
0.50 
1.00 


» OO 
s.00 
1.00 


6.00 


tion Therefore, the higher the temperature, the 


lower the 


hydroxide il 
Phis 


explains the displacement with rise in temperature 


concentration of sodium 


the maxima of the curves in Figures 7 and & 


of the maxima in the relaxation 


constant curves 


towards lower concentrations of sodium hydroxide 

The 
potassium hydroxide-immersed fibers with concen 
and 10 


the same type of curves were obtained 


variation of the relaxation constants for 


tration of alkali is shown in Figures 9 


In general, 


for the fast relaxation constants, and can be ex 


plained in a similar to those for 


manner sodium 


hydroxide However, the shape of the slow rm laxa 


may be due to the potassium ion in solution being 


tion constant curve is somewhat different 


less hydrated and much smaller in size than the 


sodium ion Phus the concentration and tempera 


ture effects on the degree of hydration would be 


less. Also, whereas sodium hydroxide forms a series 


of apparent compounds with the fiber, the potassium 


ic. 10 Variation of 


} 
relaxaliton constant! 


temperature of KOH 


oncentrattor i? 





FABLE XII. CatcuLtatep Rate CONSTANTS AND 
EQUILIBRIUM POTASSIUM 
HyDROXIDE-IMMERSED FIBERS At 
VARIOUS TEMPERATURES 


CONSTANTS FOR 


Pemperature A 
mol } 
0.796 
1.216 


6 


hydroxide forms only one compound at concentra 
tions between 17% and 22°), potassium hydroxide 
at room temperature [7 ]. 
The curves for variation of the slow relaxation 
constants shown in Figure 10 show only an increase 
increased concen 


in the relaxation constant with 


tration of potassium hydroxide. This increase tends 


to level off at the higher concentrations. Quanti- 
tative treatment of the variation of the slow relaxa 
tion constants with concentration and temperature 


The 


potassium hydroxide forms only one compound over 


is possible for potassium hydroxide solutions. 


the range of concentrations represented by these 


curves. Its reaction with the fiber may be repre 


sented by the equation 


A 


X, + KOH @ X,-KOH. (16) 


Since the curve approaches a limiting value, it is 
assumed that this reaction approaches a pseudo- 
equilibrium. Therefore, the equilibrium expression 
for the reaction is 
CY, KOH) ‘ 
A ; ; ; 17) 
CY) (NOH) 
where A is the equilibrium constant for the reaction 
shown in equation (16), and X,, is the mole fraction 
of the native cellulose bonds which are labile to the 
potassium hydroxide and whose slippage accounts 
Phe Y,-KOH 


represents the mole fraction of the potassium hy- 


for this part ol the relaxation curve. 


droxide labile bonds which have reacted and have 
contributed to the relaxation curve. The following 
the total 


must be obeved: 


x, X, 4 


equality for mole fraction of reactive 


bonds, V5, 
X,: KOH. 18) 


Phe relaxation constant is equal to the sum of the 
rates of relaxation of the native and the modified 
cellulose bonds 


(Y,) + k’(Y,-KOH), 19) 





MEAN 


relaxa { 


11. Variation slou 


concentration and temperature of KOH 


tion con 


ni 


where rs, is the rate constant for the relaxation ot 


the native cellulose bonds for water-saturated fibers, 
and k’ 
cellulose bonds modified by the potassium hydrox 
(18), and (19), the 
is expressed in terms of the 


is the rate constant for relaxation of the 


ide. Using equations (17), 
relaxation constant, 7s, 
mole fraction of labile cellulose bonds. The result 


Ing equation, 


+ AR’ (IKOH) LY . 
: 20) 
1+ A(KOH) 
represents the variation of the slow relaxation con 


stant with the activity of potassium hydroxide 


Using experimental 7, values from Tables VITI-X 
and X, 


for the reaction of equation (18) and the rate con- 


equal to one, the equilibrium constant, A, 


stant, k’, for relaxation of the modified cellulosic 
bonds by potassium hydroxide were evaluated 
These values are given in Table X11. 

In Figure 11 a comparison is made between the 
experimental points and the curves calculated using 
equation (20) and the values tabulated in Table XII. 

The the 
bonds, k’, are higher than those for water-saturated 


rate constants for modified cellulosic 


fibers. Thus, their contribution to the relaxation 
is greater than the contribution from the unmodified 
bonds. The potassium hydroxide causes disorien 
tation and displacement of the units of the molecu 


lar chains, resulting in this faster rate of relaxation 
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Ethylenimine- Treated Cotton 


George L. Drake, Jr., Wilson A. Reeves, and John D. Guthrie 


Southern Regional Research Laboratory,* r ¢ 


Abstract 


fabri 
treated 


I 


ane 


D. RING World War IL considerable wor 


lone in Germany on atit \ r 


vhere BLF showed that at least a Waypor! 
( ethylenimine polymerized in or on the 
ethylenimine, apparently much of it could be removed by dilute 


] 


ing its dyeing properties boiling in dilute sodium hydroxide solu 


Although it ms li 7. Llowe ver, the 


sults of these « periments do 


published, rey rts de the possibility th: of the ethylen 


a British Intelligence team that w line actually forms a derivative w ie cellulose 


Germany soon after hostilities ceased | 1] “thyleni The purpose of the present. p. is to deseribe 


mine is usually considered to act on cellul work in which raw cotton fiber was treated with the 
formation of a derivative [5], presumably 


vapor of ethylenimine, the fiber then converted into 


ethyl ether lO], though the Germay fabric, and the fabric evaluated \lthough ethy 


agreement on this point Phe other ssibil mine-t ted cotton appears, at present, to hi 
at the ethvlenimine polymerizes i ver untreated cotton e 
ellulose fibers or that both etherification l 


it seems cae 
polymerization occur. Because of interest in such 


7.3 — 1 7 
eliuiose derivatives as amiunized cotton , worl 


as been done at the Southern Regional 


becau ( no 
} 


to cotton ap 


\Ithoug] 


| 
Vicnliniiine 


Laboratory o1 ‘eating cotton with 


\ portion hi work, details Ot 


lor cot 


propert may even 





kthylenimine-treated 
Heated control 
Untreated control 


rABLE | 


Nitrogen 
(air-dry 


Noisture 


reyain basis) 


Fabric (%,) (%) 


5.94 0.33 
0.11 
().12 


6.23 


6.06 


Nitroge n 
after 
6 hrs 

kier boil 


(%,) 


0.12 
0.02 
0.0)? 


TEXTILE RESEARCH JOURNAT 


PABLE II. Resutts or EVALUATION 
PROM ETHYLENIMINE- 
FROM APPROPRIATI 


Pests ON Fase 
PREATED Corron AND 
CONTROL COTTONS 
Fabric tested 
Ethyl Un 
Heated 


control 


enimine treated 


Evaluation tests treated control 


Thread count (warp & filling) x 4 5x48 


Weight (0z./sq. vd.) 77 


Experimental Procedure 
Materials 


thvlenimine was prepared by a method which in- 


volves flash-distilling a dilute solution of 
2-aminoethylsulfuric acid and sodium hydroxide [8]. 


aqueous 


Since ethylenimine is a toxic compound, all prepara 
tions were made in a fume hood 

The raw cotton card sliver used throughout this 
experiment was of the Rowden 41B variety, a coarse, 
thick-walled cotton. 


Treatment of Cotton 


Thirty-nine pounds of the card sliver was divided 
into three equal portions. One portion was treated 
with ethylenimine, another was treated the same as 
the former but omitting the ethylenimine, and the 
third was left untreated 

\ vacuum oven, 10 in. in diameter and & in. deep, 


The 


mine was added by means of a dropping funnel ex 


was used to make the treatments. ethylent 


tending into an empty flask inside the oven. Ejight- 
hundred- to twelve-hundred-gram portions of the 


cotton were placed inside the heated oven’ and 


around the flask. After the oven had been evacu- 
ated to a pressure of 10-20 mm. of mercury, the cot 
ton was allowed to equilibrate and then the ethyleni 
mine was introduced through the dropping funnel 
very slowly so that polymerization inside the flask 
would be at a minimum. The ethylenimine vapor 
spread throughout the reaction chamber and a uni 
form treatment was obtained, as demonstrated by 
removing small samples from different parts of the 
mass and dveing with Kiton Fast Red 3GLL, an 
Some polymerization occurred on 


The 


ethylenimine added to each batch was equal to 4% 


acid wool dve 


the metal surface of the oven 
of the weight of cotton being treated 
10°, 


mainder being volatilized into the cotton 


Approx 


mately polymerized inside the flask, the re 


| hic ke 
Strip bre 


Warp 


ss (in.) 


iking strength (Ibs 


O.O14L6 


62.6 


amount of 


Filling 
lear strength, trapezoid (Ibs.) 
Cuprammonium fluidity 
(rhes) 
\ir permeability (eu. ft.)* 
Phermal transmission 
(©, ethiciency )t 
Wrinkle recovery 
tester] 
Warp 103 
Filling 113 


Monsanto 


*Gurley Permeometer, {t.2/min. /ft 
0.50 in. of H.O [2 


* Method of Tallant and Worner [9 


t Federal specifications [4 


at a pressure drop ot 


Che vacuum treatments were allowed to continu 
overnight for a total time of approximately 18 hrs 
‘flim ® 


vacuum had dropped slowly until there was little or 


at a temperature of 100 In most-cases the 


none at the end of the treatment. The treated cot 
ton was aerated by allowing to stand in a hood to 
Heat 


treated control cotton was prepared in the same way, 


free it of any volatile unreacted ethylenimine 


omitting the ethylenimine. 
The three lots 
trol, 


ethvenimine-treated, heated con 


and untreated control—-were converted into 


No difficulties were en- 
these 


The ethylenimine-treated fabric was yel- 
The ethyleni treated fabt l 


varn and then into fabric 


Weavilg 


countered in drawing, spinning, or g 
samples. 
low in color, while the heated control was light yel 
low and the untreated control was the creamy white, 
cotton 


The ethylenimine fabric dyed 


characteristic of raw 


much darker with 


Kiton Fast Red 3GLL or other acid wool dves than 


either of the controls. However, these acid wool 


ng on the ethvlenimine 


s 


dyes were not as fast to washti 
fabric as they were on wool. This is in agreement 


with reported observations on ethylenimine-treated 


viscose rayon [5]. 


Phe results of the chemical analysis of the fabrics 


are given in Table | 
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Evaluations of the fabrics were made by means of 


standard A.S.T.M. [2] test procedures and equip 
of the re 


It will be noted that the 


ment unless otherwise stated, and most 
sults are given in Table II. 
fabric made from the ethylenimine-treated cotton is 
not much fabrics with 


Fable I] lhe 


Faber and to the 


different from the control 


respect to the listed in 


to the 


prope rties 
fabrics were also subjected 
\\ yzenbeck abrasion tests, but no large ditferences 


between them were noted Similarly, no large dif 


ferences were noted in outdoor exposure up to 1 


year or in exposure to light from a carbon are tot 
30. hrs It may be 


treated 


conciuded that cotton may be 


with ethylenimine without any adverse et 


fect on its properties \side from changed dyeing 
characteristics, no outstanding property has yet been 
noted for ‘-treated cotton 
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Letters to the Editor 


Short communications in the form of Letters to the Editor are intended to provide prompt 


search results 


iblication of significant new re 
previously published in the JourNatr 


view as are research papers, and the editors do 
opinions expresse d 
subject of critical comment, the authors of the original paper are given 


bility for the information given or the 
in the JOURNAL is the 
an opportunity to submit a reply 


nd to permit an exchange of views o1 


not assume any share of the 


which will be published concurrently whet 


paper 
} 


These communications are not submitted to formal re 


1 author's responsi 
When work previously published 
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Supercontraction of Modified Keratin Fibers 


HARRIS RESEARCH [LABORATORIES 
Washington, D. C 
Vay 


QQ 1953 


lo the [editor 


PEXTILE RESEARCH JOURNAI 


Dear Su 


Supercontraction is a phenomenon which has been 
with the 


It is a spontaneous, and generally 


widely studied in connection structure of 


keratin fibers. 
permanent, decrease in fiber length which occurs 
upon treatment with reagents which are able to split 
that 


Supercontraction has 


Various types of bonds such molecular 


PTOSS 
rearrangement occurs [5]. 
heen noted primarily in the case of reactions which 
rupture disulfide linkages, such as by reaction with 
boiling bisulfite solutions [4, 6]. 

More recently work has been published in which 
supercontraction was demonstrated with solutions 
considered primarily as reagents which break hydro 
gen bonds |[1, 2, 5, 7, 8, 9|. While these nonreduc 
tive reagents would not be expected to split the di 
sulfide bonds in keratin, nonetheless the conditions 
under which contraction was observed—prolonged 
treatment in aqueous systems at elevated tempera 
tures and the use of highly concentrated solutions 
which produce excessive swelling—make it possible 
that some splitting of disulfide linkages might also 
he occurring. In fact, Alexander [1] has reported 
a small decrease in the cystine content of wool as a 
result of supercontraction in hot lithium bromide 
solutions. On the other hand, it has been shown 
that alkali-treated keratin fibers in which substantial 
amounts of cystine S have been lost still supercon 
tract in Libr [1] and phenol [9] at 100°C, sug 


vesting that cystine breakdown is not involved 


\s part of a broad study of the reaction of wool 


and hair with lithium bromide solutions * it was 


considered desirable to isolate, if possible, the con 
traction effect produced by secondary-bond rupture 
from that produced by rupture of the disulfide bond, 
if, indeed, any of the latter occurs. This possibility 
occurred to us through a technique previously ce 
scribed in a note from these laboratories [4| in 
which it was shown that simple replacement of the 
stable bi 

thioether linkages results in modified fibers which do 


This 


need for disultide 


disulfide linkages in keratin fibers by 


not supercontract in boiling bisulfite solutions. 
behavior clearly demonstrates the 
in such a reaction. A modified keratin fiber 
labile disulfide 


placed by thioether linkages so that they can no 


rupture 


in which the bonds have heen re 


longer participate in supercontraction — reactions 


should be a desirable model substance for evaluat 


ing the supercontraction effects of secondary-bond 
breaking reagents. 

Moditied stabilized wool and hair fibers were pre 
pared by a one-step simultaneous reduction and 
alkylation treatment with sodium hydrosulfite and 
ethylene dibromide [3]. The supercontraction be 
havior of these fibers in both a reducing agent, so 
dium bisulfite, and a hydrogen-bond-breaking agent, 


Pable I. 


previous 


lithium bromide, is shown in 


In agreement with our findings, the 


substitution of stable bis-thioether com 


linkages 
pletely inhibits the supercontraction of the modified 
On the 


proximately the same extent of supercontraction 


fibers in bisulfite solutions. other hand, ap 


produced by lithium bromide solutions acting on 


Subject of an M.S. thesis by (L.G.B 


Georgetown University, Washington, D. ¢ 1953 (to 


published soon) 





PABLE I.) Supe RCONTRACTION OF MODIFIED 
KERATIN FIBERS 


Supercontraction (%.) 


in7 AJ 
LiBrt 


in 5°, 


kiln Modificat NaHSoO 


Wool Theone 
Wool NaoS.O,- (4 
Human han nome 


Human hair NaoS:.O, 


* Fiber 


+ Fibers were 


were treated 30 min. at the boil 


treated 60 min. at 80°C 


t The fibers were treated along with a piece of wool cloth 
I 


na bath containing 0.55, 
hydrosulfite and 10°; 
wool The 


1 
borax (in sol 


ition) and 5°; sodium 
ethvlene dibromide on the weight of the 
pH was 9.1, and the 


treatment was for 30 min. at 95°¢ Phe fiber 


bath ratio was 30:1, the 


were then 


rinsed for 30 min. in running water 


} 


either the untreated or the litied fibers L hese 


Lhe 


results show that unequi replacement of the 


labile disulfide bonds by stable cross-linkages has no 


effect on the supercontraction produced with lithium 
bromide at SO°C. Such contraction, therefore, is 


\naly 
little 


disulfide breakdown 


Libr 


not a consequence ot 


ses. of show 


fibers supercontracted in 


643 


or no change in ecvstine content, mn agreement with 


these findings 
Any proposed structure for keratin must take into 
account the inability of intact disulfide bonds 


vent the 


to pre 


supercontraction of keratin fibers in re 


agents which are capable only of rupturing sec 


ond iry bonds 
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A Device for Examination of Thickness of a Running Thread 


Kyoro | NIVERSITY 
Paculty of Rasiocetine 
Japa 


December 12 1952 


Kyoto, 
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Phe apparent thickness of a running 


examination for irregulariti 


~ 


1 
photoelectric 


atfected by the direction of the passaye 


igure (a and 


munimized 


beam, as shown in 


culty may be 


two beams 


Wher ( 


v and b’) 


cell and a single light source 


system using prisms or mirrors is ordinarily required 


igure 2 shows a simpler scheme devised by the au 


hors. <A yarn § traversed in a thi 


contact 
, 


glass plate G, the 


under side of which is coi 


are employed, an optical 


lan }) | 


ihuminum or silver \ beam fron trike 


the plate at 45 Pwo part of this beam, aa’ and h/ 
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dD 
by 


will pass by the yarn at 90> with each other, the beam Figure 3 shows results on repeated runs 


aa’ passing after reflection and the beam bb’ before same length of varn (silk) ! and B show the 


) + 


reflection from the lower surface of the glass Soth = sults by illumination in one direction, and C 


enter the photocell P?. Since the path travelled by the show those of the method described above t is 


light is very short, the intensity of illumination is sut apparent that there is a greater degree of similarity 
1 


uv I 


ficiently great to obviate the use of condensing lenses between Cand J) than between ./ and B, thus ine 


¢ 


Phe diameter of the running varn may be read di cating the etfectiveness of the method 


rectly on a milltammeter or may be registered on at SUEKICHI KAWATA 


oscilloscope by using a simple amplitier Kaoru SEGAWA 
} g | 





1953 


MBER, 


Osmotic Active Substances of the Allw6rden Reaction 
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Pot editor 
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Dear Sir 
formation of bubbles on the surface of wool worden rea 
when they are immersed in chlorine or bromine osmoti 


\llw. rden’s reaction ) depe nds on the follow 
intact to { tl Sallie 


should be order ( 


ti 
membrane 


t] e] icuticle 
a semipermeable 
that are 


ve beneath 


vercome the 
lavers to adl » each othe 
It seems that the first condition 


1 1 : 
Although epi 


he epicuticle is very resistant 
the action of 


1 
+] 


HECAUSe I 


protem can be hydrolyzed by 
| temperature [7], most 


alkalies at an elevated 
lamage 


damage do ni 


cuticle 


strony 


pra th al cases of alkali 
the epicuticle ; the retardation 

\llworden bubbles can be 
he underlying pre 


t 


| 3] 


linkage 
Way 
vorden reaction is impeded. This is true not only 
4 ’ ‘ Subsequer 
for chloride and bromine, of course, but also for pera 
is known to a 


acid [5], wl 
proteins specificall The epicuticle remains 
intact if the peracetic acid treatment is followed b 
+] ; ) le : 
erelore, the enicuticie was present 
subcuticle preparations of Alexander [4], 


nly t sina Ira 


treatment: 
constitu 

preparations 
16] that if the 


alkali treatment, 


these 
\llworden re 


the epicuticl 


rapidly dislodg the form of thin sheets 1] 
roved very useful for microscopic examinati 
our laboratory.. However, when we tried 
of our epicuti 
is procedure on a larger , It appeared 
picuticle membranes were attacked by 


, 
ypobromite 
Wool is completel 


orite TR] 
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somewhat stronger than chlorine, probably because 


of its higher concentration. However, in both cases 


of the sulfur was found to be similar, 


the distribution 
as can be seen from Table | 


It can be seen that the osmotic active substances 


(fraction B) still contained more than half of their 
This 
through the 


sulfur in the form of cystine sulfur may he 


the reason why they do not pass mem 


became dis 
In the 


case of wool treated with perace tic acid [5], however, 


brane \pparently these substances 


solved by degradation of the peptide chains 


it seems that the cystine sulfur is the only point of 
attack The osmotic 
the pH is 


swelling influence ) 


active substances dissolve when 


raised (the sulfonic acid groups exert a 
Therefore, the character of the 
osmotic active compounds differs in each case, but 


the visible results are almost the same 
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Dear Su 


Referring to the article “Properties of Apparel 
Wools” by Harris M. Burte in the July, 1953, issue of 
PexTite RESEARCH JOURNAL, [ was struck by the 
observation that “when a sample of roving is pulled 
apart, the fibers on either side of the break tend to be 
oriented with their tip ends pointing toward the 
break.” The author attributes this to the fact that 
the coefficient of friction in normal wool fibers is Jess 
in the direction of the root-to-tip (with-scale) than 
in the direction of the tip-to-root (anti-scale). There 
fore, when the roving 1s pulled apart, the fibers tend 
to move in the direction for which the coefficient of 
friction is less, and an orientation where a majority of 
the fibers have their tip ends pointing toward. the 
break must result 

Mhis reminded me of the old method of organizing 


bunches of hog bristles, which T saw practiced some 


\s the bundled bristles 
are received from the Orient, they are opened and 


years ago in a paint factory. 
laid on a table. The flattened pile of bristles is then 
oriented so that the butts point in the same direction 
by the simple trick of placing across the two ends of 
the package a ruler or other rigid stick, and then 
slowly moving the sticks apart while pressing tightly 
on them. This effec tively prevents the large butt end 
of the bristle from moving under the ruler and at the 
same time permits the small, finely tipped end to move 
freely. As a result, when the two rulers have fully 
separated the package, the butts of the bristles are 
under each of the rulers. The rulers are then swung 
around so that they are in line and the package 1s re 

assembled for manufacture of a brush. 

This practical method from a rapidly dying section 
of the brush industry, which results in the same effect 
as Dr. Burte’s pulling apart of wool rovings and 
yarns, adds confirmation to the observation that the 
coefficient of friction, and possibly in the case of 
bristles the marked taper of the fiber, governs the 
It adds cre 
dence to the old saving, “there is nothing new under 


direction in which the fibers migrate 


the sun.” 


Martin H., Gurery 





INDUSTRIAL SECTION 
> 


Frictional Properties of Filament Yarns and Staple 
Fibers as Determined by the Stick-Siip Method °* 


G. W. Bartlett, T. M. Smith, and H. A. Thompson 


Tennessee lia 1 Company, Aingsport, 1 


Abstract 


Introduction ln Mercer ment ingle tiber, mounted 
| 


Wl a bow, Was ¢ ] : 3 Vi With ¢ peed ol lye 


tween 0.01 and O.1 em. s hil ed against a 


Numerous measurements of kinetic friction have 


been made Many of the previous studies record 


. . viindric: 1 ral | r oth subst: r 
only the average forces necessary to maintain slid =o arical piece « cE Sua 


. - qu ad le id hor Wil ni t 1 

ing. Fundamental investigations of fluctuations in requ be minted « 
ial no ee Pees ae 

trictional lores have been conducted by a spring, in deflection p which, re 


r ‘ oO oraphy * ane mao or- 
people. \ost j ri work has involved ph tographic meat using a moving film 
1 1 } frictional to - 
forces between 1 al irfaces both dry and the irictional torce Phe 


oa 1 let a) don ti 
cated (2. 4 }. , Bowden and | eben con ademonstrated on a nun 


] 
} 


ducted pioneer studies of the 


hich occur during sliding and the nature of the 


basic phy sical proc SSes 
Vibration produced | ie stick-slip effect is 1 


— P ly nanan : Bins “Tee 
physical force which opposes motion. I-xperiments y common everyday perience the 


have shown that frictional forces are rarely constant ‘| cy hinge, chatte ring brake the iriek of skid 


“ “Es : ; 85 eee it 
in. magnitude They usually undergo rapid and ing s, the violin bow. Although this effect is 


1 nN ly ’ ] ary lsahara ] 1 
violent fluctuations. The sliding process is not con nol associated with unlubricated irface 


tinuous but proceeds by irregular jerks. Surfaces aretul investig: ay iown that the stick-slip 


stick together until, as a result of the gsadually in i is the rule ratl an the exception, even with 


! 


creasing pull, there is a sudden break, with a very ated surta @ | damental cause of thi 
rapid ship. The surfaces stick again, and the samc is the difference between the static and the 


process 1s repeated indefinitely This phenomenot Kinetic coethqents ot triction Kineti triction 1 


has been termed the “stick-slip effect” in the litera much lower in most cases than static friction 

ture. It has been investigated to a limited extent In studi tt n in textile materials, the im 

on various fibers [1, 5, 6, 8, 10, 11, 13, 14, 15] porta f the sta friction has been largely neg 
There are a number of instances where thi 


Important Kor example, if it 1s too low, 





Oe 


yarn will tend to slough off a package with a low 


cross-wind, If it is too high, it may contribute to 


stretched yarn in filling. An examination of the stick 
slip effect helps to provide an insight into the rela 
tionship between static and kinetic friction 

There are several obvious shortcomings in some 
of the deseribed herein 


methods of measurement 


Much work remains to be done. It is hoped that the 


work reported here will serve to lend emphasis to 


the importance of static 


friction and the influence 


of the stick slip effect on some of. the problems in 


textile processing 


Stick-Slip Studies in Connection with 
Filament Yarns 
What are some of the problems encountered in 
connection with the stick-slip friction as evidenced 


on filament yarn?’ When continuous-filament 


yarn 


is drawn across a surface, as, for example, a needle 


ina knitting machine, it sets up vibrations due to the 
his etfect 
may be compared with the action of a bow as it pro 


nonuniformity of the frictional forces 


duces a musical tone when it causes a violin string to 


vibrate. In extreme cases in textile processing 


Ss? 


yarn 


passing over needles, fabric, or other sur 


guides, 
faces will actually produce such a musical tone, due 
to the vibrations induced. In the trade, yarn with 
is said to have a “harsh hand” 


No device or 


this characteristi« 


or it may be described as “scroopy 
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instrument has been available to the trade to evaluate 
Mill men 
customarily test the yarn by drawing it between the 


this property of continuous-filament yarn. 


fingers. Ii there is little tendency for the yarn to 


vibrate or chatter, it is said to have a “soft hand.” 


Such a technique requires a considerable amount of 


skill and experience It suffers other important 


shortcomings——it is subject to personal errors 


judgment, provides no quantitative comparison. be 


tween samples, and is not sufficiently sensitive to 


demonstrate small ditferences Phe frictional char 


acteristics of the yarn against the tingers may be, 


and in most cases are, ditferent from the characteris 


tics observed with varn running against a guide or 
Varn against yarn 

In certain cases in processing filament yarn, harsh 
ness of hand, producing a high-frequency variation 
in frictional 


in the 


may contribute to irregularities 
finished 


a loom beats the 


rorcees, 


appearance of the fabric. Kor in 


stance, as the reed of filling yarn 


] 


into the fell of the fabric, harsh or scroopy yarn may 


cause the picks to be nonuniformly spaced, produc 
ing streaks. This condition has been given several 
names by mill personnel; it has been called “raised 
has been known to 


This 


types of 


picks” and “static cracks.” It 


contribute to a barre condition. condition is 





more pronounced in certain construction 


than others. It shows up in taffetas and, to a lesser 


extent, in marquisettes It has been proved deti 


rictton analyzer. 
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nitely that a scroopy yarn can cause this condition 


and that a soft finish can help in eliminating it. 


Testing the processing qualities of yarn by run 


ning weaving or knitting trials is expensive and 


ime-consuming It does not allow close control 


over the characteristics of the finish applied 
] 


as may 
” necessary to maintain a high standard of quality 


It is desirable to be able to evaluate s« roop or harsh 


ness for quality control of the finisl as well 


ipplied 

as to evaluate properti s of new finishes 
The device developed at Tennessee [astman Com 

pany to make these tests is illustrated in Figure 1 


} ] 


lhe operation of the device mav be described briefly 


as follows: Yarn to be tested is drawn, with constant 


speed and tension, in contact with a short length of 


music wire, yarn, or other flexible object Fluctua 


tions in the force of friction against the wire cause 
it to vibrate or chatter with an amplitude determined 
by the material and dimensions of the wire, the ten 
sion on the wire, the contact force between the yarn 
and the wire, and particularly the lubricant or finish 

ied to the varn \ flat 


the wire, transmits the force to a piezo-electric crys 


stvlus, in contact with 


tal pickup which converts the mechanical motion to 
electrical These electrical 
] 


amplified and may be recorded 


impulses impulses are 


by means of an oscil 
lograph It has been found pre ferable, however, to 
feed the signal through a filter or integrating circuit 


to an electronic peak value voltmeter. 


In order to obtain satisfactory results in testing 


for fluctuations in frictional forces, it is essential 


that any variations in speed or tension be held to an 
absolute minimum 


tensioning device 


The yarn passes through a pre 
which supplies only enough ten 
sion to snub the yarn so that it will not slip as it 
passes around the 


pulley of the tensioning motor. 


so 
The yarn is wound around this pulley in such a 
that it 


rotation of the 


direction causes the intended direction of 


motor to be reversed. The tension 


of the yarn is regulated by electrically controlling 


the torque of the tensioning motor by means of two 


ig 
This method of 


means of regul 


rheostats in series with the motor. 


tensioning provides a convenient a 


higher degree of uniformity than can be 


s 


tion and 


obtained, at the low speeds necessary, by the more 


conventional tension controls usually employed in 


textile processing. The inertia of the tensioning 


motor aids in eliminating any surges in tension 


which may have been introduced by the = stick-slip 


effect in the pretensioning device 


649 


The yarn passes around the pulleys of a conven 


tional tensometer, and over a guide pulley, to the 


] ; 


transverse flexible unit, which may be composed o 


any material against which it is desired to test the 
it changes 


toree, and 


varn As the varn passes over this uid 


direction, so as to produce a contact 


guide pulley as it proceeds to 


~ 


passes over another 
the drive roll The 


geared down to the 


drive motor 18 


\fter 


yound 


synchronous 


desired speed passing 


around the drive roll, the varn 1 onto a 


take-up roll or spool, where it 1s retained until it 1s 


desired to dispose of the sample 


] 


Phe piezo-electric crystal pickup is similar to a 


phonograph pickup except that the stvlus is chisel 
The 


\ micrometer 


shaped point rests lightly against the wire 


screw adjustment lows the contact 


} 


pressure ol the stvlus to he positioned for maxim 


sensitivity. 


1 
yout 


Absolute calibration oy this mstrument 


pose quite a problem. However, this is not deemed 


necessa;ry \ bobbin Ot yarn 1s chosen asa stand ird, 


and other samples are 


] 


compared with thi It ha 


CCT) found possible to reproduce re iding within 


2¢ 


Yo using this com LTISOI method 


continuou 


| 
This device is limited to tests on 


The 


filaments, o1 


tested must be free of 


other 


filament varn sample 


slubs, broken inilar imperfe 


the forces measured are of smaller 
those which 


It is desirable, but not « 


tions, since may 


nituce thar would le cau (| hy uch 


irregularities ential, that 


the samples have little or no twist It is essential 


the sample tested for ( 
their 


omparison ot finish 


chosen so that propert 


twist, luster 


other phy 1¢ J 


er, filament size and count, 
are identi ul, since each of these properties in 
fluences the \gain, 


mall, it is manda 


results obtained since the 


Torces to he quite 


tory that the pickup assembly he 
this 


the nN 


measured are 
shock-mounted so 


as to isolate sensitive element from vibration 


produced } otors or any other equipment iN 


the building 


Figure 2 shows oscillograph charts obtained when 
testing four representative 


° 1 
Sample ‘) was 


samples. Sample A was 


harsh vari smooth yarn used for 


Samples B 


intermediate 


comparison These are the extremes 
and C 


scroop It 


values of 


pointed out here that the 


illustrate varns with 
should be 
natural frequency of the wire is superimposed on 
influences the which 


found to he 


and frictional pattern ictually 1 


characteristic of the yarn It wa quite 
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sc, Z Yarn friction analysis. 


tedious to evaluate charts, such as those shown here, — stant This may be loosely termed an “integrating 


for quantitative comparisons Consequently, a circuit.””.. When connected to a suitable indicating 
method was developed for obtaining the average or recording meter, it amounts to an electronic A.C. 
value of this vibrational energy level. voltmeter designed to respond to the low frequencies 
The signal was rectified and fed through an elec involved. A recorder was run at a much slower 


trical low-pass filter circuit with a long time con speed, charts representing — results obtained — on 
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varn specimens several hundred 


those shown in Figure 2. 


times 


as long as 
In some cases, variations 


in vibrational energy level have been found to be 


periodic and related to the wind pattern or the 


method of lubrication 


In case a recording meter is not available, similar 


results may be obtained by 


using any good high 


resistance indicating meter and taking an average of 
ten or more readings spaced over several minutes 


However, the charts are relatively easy to compare 


and evaluate, and have the additional advantage of 


discover 


inaking it easier to unusual trends and 


eychic variations 
Data obtained from tests of the type just described 
causes con 


have aided materially in’ discovering 


tributing to a number of problems in processing 


textile fibers 


A Second Stick-Slip Friction Tester for Yarn— 
The “Slow-Speed” Yarn Tester 


\s a background of experience was acquired in 
studying friction on yarn, the need became apparent 


for a test which would allow each individual stick 


slip cycle to be analyzed more thoroughly Phe so 
] é v 


called “slow speed friction tester” was developed 


(Figure 3). Here the individual forces actually are 


measured by means of a resistance wire strain gage 


ve 


ed friction tester 


5] 


commercially known as a Statham gage | 10] Lhe 


yarn is drawn through the device at a speed of only 
l in. min. by a synchronous clock motor (not shown 


in the picture ) Pension is apphed by avity by 


vt 


means of a suitable weight atter the varn passes 


over a pulley Phe yarn guide, by means of which 
the friction is applied, is composed of tive cylinders 
ibout 


ry in. in diameter Phe top of the guide as 


sembly, holding the second and fourth evlinders, 1: 
hinged so that it opens up in order to allow the yarn 


When the 


the first evlinder, under the sec 


to be placed In Position lop ts closed 
the yarn runs over 
ond, over the third, and so on Phe evlinders are 
placed so as to produce a detlection in the yarn ot 
Polished 


\lsimag have heen 


about 10 degrees each contact steel, 


porcelain, and several types ot 
used to make up the cylinders 
Phe guide assembly is mounted at the top end ot 


an aluminum lever, the lower end of which ts at 


tached to a hub mounted in high-quality miniature 
The force on the lever ts sensed by 


Statham 


ball be arings 


means of the 


Fae lhe gage used has a 


WA] 


\ 
— 
Te 


A hi 


‘ 
+ 





sensitivity ol + oz. 
0.0015 in. The gage may be raised or lowered to 
obtain the required lever ratio and calibration. The 
resulting sensitivity is approximately 2 0z. or 50 g. 


Absolute 
by using known weights attached to a length of yarn 


with a displacement of only 


full scale. calibration may be checked 


run over a pulley. Fine calibration adjustment is 


made by means of a rheostat in the battery circuit 


upplying the gage 

In Figure 4 is shown the type of chart obtained 
from tests on yarn when the instrument is used. 
The first chart illustrates the stick slip effect pro 
duced by the same scroopy yarn used in previous 
tests. tests on a 


is the result of 


The 


It must be 


The lower chart 


moderately harsh yarn. saw-tooth type of 


curve is well detined. remembered that 
a slight degree of distortion is introduced due to the 
fact that the chart presentation is not strictly recti 
linear. However, the gradual build-up in force fol 
lowed by the sudden slip, repeated in uniform cycles, 
is readily apparent. Note that the minimum force 
in each cycle in sample 4 is only approximately one- 


fourth that at the maximum in each cycle. 


ach 


chart division represents 1 g. of force. It is in 
teresting that conventional tests on kinetic friction 
of this particular yarn show that running friction 
at normal processing speeds is lower than that found 
with commercially available yarns. 

Yarn samples which are available commercially 
ordinarily exhibit an average level of frictional force 
of the order of 15 to 20 g. when tested under these 
conditions. Variations usually do not exceed about 
10% of 


values observed during a long series of these stick- 


the mean value. Maximum or minimum 


slip cycles usually exhibit a remarkable degree of 
uniformity. Few peak values which differ by more 
than 5% of the average maximum are ordinarily 
observed, even in charts representing several hun 
dred cycles. Among the hundreds of types of yarn 
lubricants tested, only a very few samples have been 
found in which the stick-slip effect is either insignifi 
cant or nonexistent at these slow speeds. 

The coefficient of friction is directly proportional 
to the this 
The coefficient, to a close approximation, may be 
100. 


The coefficient of starting or static friction in sample 


force in grams shown on instrument. 


obtained by dividing the force in grams_ by 
B, then, is about .35, and the coefficient of kinetic 


4 # 


ficient of kinetic friction and the coefficient of static 


friction is about The ratio between the coef 
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friction has been used as a figure of merit for the 
When multiplied by 100, 
to yield a whole number, this is called the ‘smooth 
100 
Another way of stating this re 
60% 


smoothness of the yarn. 


ness factor.” For sample B this factor is S 
Zs .3o =e, 
that 
mains at the end of the slip. 


sult is to say of the maximum force re 
Using this terminol 
ogy, a sample would be said to have a smoothness 
factor of 100 if no sudden slip were involved 

The authors realize that strict use of the “trough” 
load value as a measure of dynamic friction might 
be open to question. However, errors introduced 
by the response of the recorder and the change in 
momentum of the system appear to be of minor im 
portance. Tests covering dynamic friction have been 
carried out with the yarn running at a wide range 
of different speeds, from a few inches per minute up 
to a maximum of several hundred feet per minute. 
Dynamic friction usually varies with speed ; “trough” 
— 


hOad 


values observed in. stick-slip tests correspond 
to dynamic values for the slower speeds. The yarn 


was moving | in./min. in the tests illustrated. Each 


chart division represents 10 sec. Similar stick-slip 
tests have been made with the yarn moving as slow 
as 1 in./hr. The frequency with which the cycles 
are repeated is influenced by several factors, the 
most important of which are the speed and elasticity 
of the yarn and the distance from the friction ele 
ment to the drive roll. 

Before leaving this phase of the subject, it may 
be appropriate to make a few basic generalizations : 
(7) Other things being equal, bright yarn has higher 
chatter and higher average friction than dull yarn. 
(2) Brightly polished guides cause higher friction 
and more chatter or scroop effect than guides which 

\s the latter type of 
guide is worn smooth, the friction increases. (3) 


rhe 
determined primarily by the finish applied. 


have a satin or velvet finish. 


frictional characteristics of filament yarn are 

Charts 
or tables showing values of friction and simply iden- 
tifying the yarn as viscose, acetate, nylon, etc., are 
essentially meaningless, since a single type of yarn 
can be lubricated so as to exhibit any of the char- 


acteristics discussed above. 


The Stick-Slip Effect as Observed in Interfiber 
Friction of Staple Fibers 


A most important phase of the study of the fric- 
tion of fiber against fiber is encountered in the in- 
vestigation of forces involved when roving 1s drafted 





Single draft re 


fester 


|9 Phe frictional forces existing between the coi 


ponent fibers of sliver, roving, or yarn are factors 
which influence the fineness and uniformity of yarn 
which can be drawn as well as the “hand” or feel of a 
finished fabric. Many people in the textile trade be 


lieve that finishes which do not minimize irregular 


Huctuations in frictional forces will cause or con 


tribute towards uneven drafting, which will produce 
an irregular yarn and an inferior fabric 
Heretofore, it has been necessary to judge the 
nature of interfiber friction by the sense of touch or 
feeling. One technique involves squeezing a hand 


ful of the fiber. The crunching effect of a harsh 


When the fibers are held 


near the ear, a definite sound is produced similar to 


finish can be felt easily. 


that which is sometimes heard when walking through 


snow. Others test a sample of roving by slowly 


breaking it by hand. Although such tests doubtless 


have merit when made by an experienced operator, 


they do not lend themselves to precise measurements 


\ device to analyze the forces involved as roving 


is slowly broken is shown in Figure 5. Roving is 


drafted by means of a timing whose. shaft 


motor 


turns r.p.m. The diameter of the grooved take up 


pulley was designed to provide a drafting rate of 2 


in. /min \ spring loaded clamp attached to the 


side of the pulley secures the moving end of the sam 


ple A clutch on the motor shaft allows the clamp 


to be started from the same position for each test. 


The fixed end of the roving is clamped to the top 
[ bottom \ 


end of a lever which is pivoted at the 


Statham 


vage is positioned against this lever im an 


arrangement similar to that shown with the slow 


Spec d friction tester 
+ in. apart \ 


Phe roving clamps are spaced 


$8-oz. gage is used. The location of 


the gage may be adjusted by means of a spacing 


bloc k to give either 200 gy. or 1O0O y full scale. 


| ypical charts obtained from this test are shown 


in Figure 6. The charts are representative of five 


general groups: (/) saw-tooth patterns with an ap 
preciable recorder overshoot at the end of the slip, 


1; (2) 


overshoot, as 


is illustrated in chart saw-tooth patterns 


with only moderate shown in chart 2 
(3) saw-tooth without 
chart ( 


rather 


patterns overshoot, as in 


(7) sinusoidal fluctuations, following curved 
angular inflections, 
chart D; (5) 
stick-slip effect, as in chart /: 

Chart / 


top of each cycle, 


than as represented in 


smooth curves with no appreciable 
represents an unusual sample. At the 
drafting appears to occur smoothly 
Phen 


with a considerable amount of 


for a short distance a sudden slip occurs 


recorder overshoot. 
Only one lubricant studied yielded this type ot 
behavior 
Numerical 
portrayed by these charts may be made in a num 
The method found to be the 


is similar to that described for the slow 


j 


evaluation of the fiber characteristic 


ber of ways most 
satisfactory 
speed friction tester. The maximum slip is selected 
Che force is read from the chart at each end of this 
defined as S 


Stated in 


line. The smoothness factor, S, i 


100 * minimum force maximum torce 





a + SZ SSE 


\ 
ic. 6 
a different fashion, the smoothness factor is the pet 


the end of the 
this equation 


centage of the tension remaining at 


slip Results obtained from have 
proved to be quite constant when tests are repeated 
Sample /: 


having a smoothness factor of 100 


on the same sample would be rated as 
One character 
istic Observed in the charts which is not brought out 
by this simple equation the relative speed with 
which slips oceur 

Phe degree of overshoot by the pen gives an index 
to the speed with which the force relaxes. The re 
corder has a linear response from zero to 100 cycles 
sec. An appreciable overshoot indicates very rapid 
change Phe magnitude of the stick-slip variation 
shown in chart ./ is of the same order of magnitude 


as that chart C, vet the overshoot in .! 


shown in 
In as great as the remaining part of the cvele. Each 
transverse chart division represents | see 

Phe properties imparted by a fiber finish usually 
are the result of a compromise which involves sev 


eral physical properties. Each finish used commer 
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Single draft roving analysis. 


cially has its own particular advantages. The tibet 


represented in chart «1, as a result of its higher frig 

tion, requires somewhat less twist to produce a given 
roving strength than that represented by charts /? 
and E. 


finishes impart a smooth drag to fibers during draft 


On the other hand, although the latter two 


ing, some additional twist may be required 


] 


Four baste properties other than finish must be 


taken into consideration when analyzing charts ob 


tained on roving tests: staple length, fiber stiffness, 


roving twist, and luster 


Other things being equal, a short staple lengtl 


nunimizes the stick-shp etfect, but a staple length ot 


5 or 6 in., as obtained with the Pacitie Converter 


process, gives a pronounced. stick-slip effect even 


with a soft tinish. A. stiff fiber produces a curve 


with a. lower smoothness factor, regardless ot 


whether the stiffness is the result of difference in 


denier per filament or a material with different 


elastic properties. In some cases, when the twist 1s 


higher than normal, a finish which usually exhibits 





lrag will show a single slip of considerabl vith \ stay of dratting usimy three set 


a sInooth ¢ 
1 on) Tal th 7 ] , }, 1 ] ] lit " 
hagnitude with we subsequent recovery im strength ot . ‘ lunsuccesstt order to obtam con 


Dull staple exhibits a higher smoothness factor ul | measurement ot tl lores involved, 1 va 


bright staple Due to its limited . very littl { wl necessary t single stave of dratt 


bright staple has been evaluated by this test, Iut i ‘ \ iral atio in the neighborhood io! 
this result is in agreement with observations mace 3: and at slow speed Phe machine finally ce 


on the ftretional properties of bright continuous veloy is shown in Figure / Phe front roll sys 
filament yarn Lis sus 1 from a balanced pivoted frame, the 
the fulerum for the drafting fore 

A Continuous Roving Tester ied to a Stathan strain gage through the frame 


1 drafted Phe re are driven direct] 


\s a result of the information obtained by draft 
1] 1 | 1 otto 
ing short sections of ving, it was considered that Salt SVN mous gear motor Draft 
i : 5 a ee Saale Cree oe 
additional knowledge Id be gained by applying nd their fluctuations are translated by the 


] : 1 gay ( 1 | -. a 1h wy turn 3 


the same technique to studic s under dynamic condi 


i 
tions such as « in mill operations Moreover, Ousiv, ullizing a 


1 1 ] ’ " ’ ) Y ] ] ar 
since tora given fiber stock the dratting force woul ( ng mucroamimete ront dratting 


he proportional to the number of fibers present in roll direct-connected to the }) motor and the 


the cross section, measurement of the draftir g foree rear dratting | to the 1.5 | motor: the 
probably would serve to indicate the degree of uni I s ot botl fluted 


g—that is to slippage 


formity of the cross section of the rovir 


say, evenness sure rolls hl ure is applied 


Drafting usually is accomplished by three pairs of | through the hearin y means of vs at each end 


drawing rolls with a draft in the range of 3 to 10, 9 of the pressure ll shat Spacing between front 


depending upon the type of staple being run and the and rear rolls may be adjusted to accommodate dif 


equipment being used Phe original cle velopment ! wT length ! general, the rule followed 1s 








to allow spacing between rolls equal to the length of 
the staple plus | in. The tester may be calibrated 
so that the drafting forces in grams may be read 
directly from the recorder chart. 

As in the case of the original roving tester, the 
results from the continuous tester may be expressed 
as a smoothness factor, this being a ratio of the mini- 
mum to maximum forces encountered during draft- 
ing. 
length, fiber stiffness, roving twist, and fiber luster 


As before, factors of fiber lubrication, staple 


must be considered in the analysis of the data. 

One very important problem encountered in the 
development and construction of the machine was 
that of the elimination of background or extraneous 
vibrations associated with the driving units and the 
This effect 
of the total force involved. 


support. was reduced to less than 5% 
In Figure 8 are shown 
typical results obtained when drafting rovings with 
different finishes, the top chart being that from a 
roving having a relatively soft finish and the bottom 
chart being that of a roving having a harsher or 
These charts also illustrate the 


scroopy finish. 
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range of forces encountered in a drafting process of 
this type. 

The continuous roving tester has been utilized in 
the study of interfiber friction forces encountered in 
drafting in connection with fiber lubrication studies 
The tester also has been used to advantage in the 
analysis of mill problems involving unsatisfactory 


roving and yarn uniformity. 


Conclusions 


Although the instruments described herein do not 
yield data that are easily analyzed except in a quali 
tative manner, the tests have proved to be both sensi 
The 


adapted to rapid routine testing of a la 


tive and reproducible. measurements are all 


ge number 


rg 
of samples employing relatively unskilled personnel 


Despite the shortcomings of the techniques ce 


scribed, they have been found to be virtually indis 


pensable for evaluation of new fiber lubricants. “The 
tests have rendered valuable aid in solving a num 
ber of elusive problems in processing 


S 
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Introduction 


The shape and tension of the ballooning thread in 
a cap-spinning system depend on various technical 
such as the 


features, dimensions of the spinning 


frame and the properties of the yarn. The present 
paper describes the results of a theoretical investi 
gation of the effects of balloon height, cap radius, 
bobbin radius, bobbin speed, and yarn denier on the 
shape and size of the balloon and on the tension in 
the yarn at the bobbin and just below the top guide 

This is a sequel to an earlier paper |1| in which 
t] 


he influence of thread tension on balloon profiles in 


air and in vacuum was 


the te 


discussed. ‘here, thread 


tension just below » guide was taken as a 


| 
parameter to be chosen, but in practice it is, of 
course, determined by the conditions of spinning 
It is, in fact, determined by the requirement that the 
forces on the ballooning thread and also those acting 


at the cap edge must be in equilibrium. Thus, if 


calculated for a number of given 


thread curves are 
top tensions (by the method outlined in the Appen 
dix to this paper, or otherwise), the one appropriate 
to a given set of spinning conditions is that which 


satisties the condition of equilibrium at the cap edge 


VWatidenhead 


Berkshire, I:ngland 


In thi 


features has been 


way the effect of changing various technical 


studied 


Spinning Conditions 


The calculations system in 


refer to an idealized 
which the yarn is assumed to be in the form of a 
single thread of uniform circular cross section, per 
fectly flexible and inextensible. The air drag on the 
yarn is then reasonably assumed to vary according 


to the expression fot 


an inclined wire, as discussed 


in the next section. It is further 


assumed that there 
are no frictional forces acting at the cap edge, which 
can be taken to imply that either the cap edge or the 
yarn or both are perfectly smooth. In view of the 
differences in the coefficient of friction from yarn to 
varn and for different caps, and of the uncertainty of 
the correct value to take in any one case, this seems 
a reasonable assumption to make provided we do 
not wish to study the influence of cap-edge friction 
Values for the 


usually about 0.2 or le 


on the balloon. coefficient 


s, and thus the 
calculated results, and in particular the general con 


relevant 


of friction are 


clusions, may be « 


of the 


xpected to give a good indication 


behavior to he « xpected In practice 





PABLE I 


Height of balloon (h) 
Radius of cap (R) 
Radius of bobbin (4) 
Spindle speed (NV) 
Spinning speed (v) 


16 cm. (18.1 in.) 

7.78 cm. (3 in.) 

3.50 cm. (1.37 in.) 
133.33 r.p.s. (8,000 r.p.im.) 
833 cm./sec. (27.3 ft./sec.) 
Speed of revolution of 


balloon (w/2r) 95.44 r.p.s. (5,726 r.p.m.) 

Mass of yarn per unit 
length (m) 

Diameter of hypothetical 


yarn 


6.11% 107% g./em. (55 den.) 


0.007 cm. (0.0028 in.) 


Phe basic conditions of spinning are given in 


Fable I, and the various graphs show the effects of 


varying different factors in turn 


Air Drag 


In the previous paper the air drag on cach element 


of yarn in the balloon was assumed to act hori 


zontally. Tlere a better approximation is used to 
take account of the inclination of the thread to the 
vertical in some parts of the balloon. Measurements 


of air drag on inclined wires in an air. stream, 


quoted in the /landbook of Aeronautics |2\, indi 
cate that for inclinations up to about 70° (which 


covers the range in which we are interested) the 
force on the wire is almost entirely normal to it, and 
is proportional to cos* @ in the region where the drag 
Here @ is the 


angle between the normal to the wire and the direc 


is proportional to (wind velocity )* 
tion of air flow. The main motion of an element ds 
of ballooning thread is horizontal and perpendicular 
to the radius to the element. The main component 
of drag is therefore normal to ds in the plane con 
taming ds and ds,, where ds, is the projection of ds 
on the meridian plane-—ve., the plane containing the 
axis of the balloon and the radius to the element. 
In this case cos 6 = ds,/ds, and @ can conveniently be 


described as the “lean-back angle” of the yarn. 


his angle will vary along the yarn. If r denotes 
the radius to the element ds and » is the angular 
velocity of the ballooning thread, the horizontal com 


ponent of ar drag on ds is 
Vrrw ds COS fi, ( ] ) 


where g is a constant for a given yarn and is propor 
Phe value 
0.007 em. deduced 


Physical 


tional to yarn diameter if this is varied 
for the basic diameter of 
National 


dynes sec.” em 


from 


data trom the Laboratory [3] is 


7= B58 x Phere is also a 
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radial component outwards and a downwards verti 
cal component, but both of these are relatively small 
for the angles usually encountered in spinning, and 
so we have neglected them 

lhe equations of motion of an element of thread, 
with this expression for air drag included, and_ the 


method of solution are outlined in the Appendix 


Condition at the Cap Edge 


lhe direction in which the ballooning thread ap 
proaches the cap edge is specified by the lean-back 
angle, @,, and by the inclinition to the vertical of 


the plane containing ds and ds Between the cay 
edge and the bobbin the thread is assumed to be 


lies in a horizontal plane at an angle 


thread 


straight and 


v to the radius to the point at which the 


leaves the cap edge. The angle a is given by 


h/R 


Sina 


where > and Fk are the radii of bobbin and cap, re 
spectively. If friction is eliminated, so that there is 
no change im tension as the thread crosses the cap 
ge, it is clear on 


ge that 


ed resolving forces along the cap 
| 


By using the method described in’ the 


for equilibrium we must have 4, = a. 
\ppendix 
thread curves have been obtained for different values 


the vertical component of tension (which is con 
stant for a given case), and the curve appropriate 
to a given set of spinning conditions is that for 


which 4, a 


Calculated Results 


In this 


he top guide, and “bobbin tension” is— the 


paper “top tension” is the tension just 
helow t 
tension in the thread between the cap edge and the 
bobbin. .\s each factor 1s varied in turn, the others 
are assumed to keep the basic values listed in Table 
I unless they are related to the factor which is being 
varied. For example, a change in bobbin diametet 
necessarily involves a change ino, the angular veloc 
must be con 


itv of the ballooning thread, which 


sidered 


Varn Denies 


\n increase in varn demier causes both bobbin ten 


sion and balloon diameter to imerease, as shown in 
ilmost directly 


Kigures | and Bobbin tension ts 


proportional to the demer. The corresponding curve 


for top tension is hardly distinguishable from. that 
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fhe 


theretore is not 


my) etd I 


in demer is assumed to he 


liameter of the varn, the density re 
is worth noting that when 


Which our model filament ts 


Scllhie It 


icetate varn, to 


proximation im equivalent cross-sectional area, was 


spun under these conditions, the tension observed by 


(;. Curtis of Courtaulds Limited, Coventry, just 
above the top guide was 8.5 g Phe 
tension, which is the tension just below the 


vas 10 ¢ 


Phe calculated results therefore give 


reasonable indication of practical values, since 


slight increase in tension is to be expected as the 


passes through the guide 


mr N be cd 


Phe equations of motion given in the Appendix 1 


terms of nondimensional variables contain o, the 


angular velocity of the balloon, only in the Coriolis 


terms Since these are very 


neglect anv variation in them due to a change 


In this c: » is used only in converting the nor 


dimensional tension, / to grams by multiplving 


} 


NV sine Cheretore, tension mo grams must change 


as © to maintan / . and hence the 


unchanged. The angular velocity of the balloon, 


‘ 


related te the bobbin speed, hy 


where v is the 


radius, and so the dependence of bobbin tension o1 


The rela 
‘| Oop ten 


spinning speed Lh he bobbir 


a) 


hobbin speed may be readily calculated 


tionship 1s shown graphically in Figure 3 


cal ulate d top 


euide, 


small terms, we shall 


thread curve, 


cM 


DIAMETER 


BALLOON 


200 le. 
l DENIER ; | i i 


3 4 $ 6 


PER UNT LENGTH GMCM’ x10 4 


on is represented by almost the same curve 1 hie 


halloon diameter and, in tact, the whole protile are 


unaltered by a change in bobbin spee¢ 


fviameted 


ln studying the ettect of a change m cap clamietel 


} } 
] 


We have considered — the bobbin diameter to be 


changed simultaneously in the same ratio ligures 
w that over the ranye considered bobbin 
diameter increase almost linearly 


Hlere 


Troon the 


tension and balloon 


is cap ciameter 1s meres sed again, the top 


ttle different bobbin tensior 


bobbin tale uy arn chameter om 
The effect on bobbin tenstor hown 1 


Thi omewhat curious! 4 | inve 


TENSION GM 


BOBBIN 


100 150 
BOBBIN SPEED RPS 


ot bobbu f ! 
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BOBBIN 








12 16 20 
CAP DIAMETER CM. 


ic. 4. Lffect of cap diameter on bobbin tension, thi 
ratio of cap to bobbin diameters remaining constant 


needs some explanation. First of all, an increase in 
bobbin diameter causes the balloon to rotate faster, 


and we have already 


according to expression (3), 
seen in Figure 3 that an increase in the angular 
velocity of the balloon (produced in that case by an 
increase in bobbin speed) causes the tension to in 
crease. It is this increase in the speed of rotation 
of the balloon which causes the tension to increase in 
Kigure 6 as the bobbin diameter changes from 4 to 


7 cm. Beyond this the tension decreases as’ the 
bobbin diameter continues to increase, and this is the 
operating range used in practice, the diameter of the 
empty bobbin being 7 em. 

Furthermore, it is impossible to find from the 
curve of Figure 6 a tension corresponding to a bob 
bin diameter greater than about 9.5 cm. The ex 


planation for this is to be found in Figure 7, where 
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BOBBIN DIAMETER 


/ ffect of b bbin diamete 
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hic. 5. Effect 


ratio of cab to bobbin 


vf cap diamete) 


diameters remamu 


the nondimensional vertical component Or tension, 


re plotted against sin 6, for three ditferent bal 


loon heights, where @, is the lean-back angle at the 
cap edge. 


that 7°, 


dimensions of the spinning frame, the speeds, or the 


By referring to the Appendix it is seet 


is a parameter which is not specitied by the 


properties of the yarn. This is the parameter whicl 


is varied in order to find a value of 4, such that the 


equilibrium condition at the cap edge, 4, = a, 
isfied. Figure 7 shows that for any one height 
h 46 cm.—as T, 
sin 4 increases and reaches a maximum value when 
/ 0.12 approximately \s 7), 1s decreased be 


/ 


is decreased, sav from 7 





+ 








OA 06 
SINE @5 


of Von sin 6 a nondimei 
omponent of tensiol ea 


ap edqe 
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yond this value, sin 6, decreases again. ‘There is 


which cannot be ex 
that 


thus a certain lean-back angle 


ceeded for any values of 7 kemembering 


sin a= b/R, the value of 7, for any given bobbin 


radius is given by the ordinate of the appropriate 


curve of Figure 7 for which sin 6 b/R sut i 


R exceeds the maximum value of sin 4,, there ts 
no value of 7, for which the equilibrium condition at 
there a 


wl 1K h 


uneters 


} 
words, 


the cap edge is satisfied. In other 


maximum diameter of bobbin greater that 


no free balloon can exist For bobbin di 


greater than this in practice, the balloon collapses 


onto the cap and a new equilibrium condition is set 


up, with the balloon licking the side of the cap for 


s 


part of its length. The existence of 


an upper limit 


to bobbin size beyond which no free balloons are 


possible ha been deduced independently by Hannat 


[4] in a theoretical treatment of the inning 


] 


of wool. She also examined the ne 


equilibrium, in which the balloon 1 


the case of the cylindrical cay 
wool spinning 

The existence of a max 
accounted for to some extent 
previous paper [1], which show 
balloon has 


conditions Thi 


tain tension for which the maximum 


diameter for given 


spinning 
roughly the same tension as that for which the limit 
ing lean-back angle 


occurs, whicl 


nce the lean-back is caused primarily 


to he expected 
by air drag 
and this tends to decrease as the balloon gets smaller. 


igure 8 shows balloon protiles for two bobbin 


diameters—7 em. and 9.6 em., respectively. The 





BOBBIN DIA. 9.6 CM 


J 


BOBBIN DIA. 7.0 CM 


RADIUS 


Oo) 


balloon obtained with the larger bobbin shows slight 


“necking’’—i.e., a? concavity is visible in the profile 
just above the cap edge Phis necking may or may 


not cause the balloon to rub the side of the cap, 


cle pending on the shay ot the cap hus, al balloon 


may rub the cap for two reasons: either because the 


tension is low enough to produce necking of a poter 


" 


tialiv tree balloon or because the conditions are sucl 


C.0d too large a bobbi that n free balloon cai 


exist but only one supported on. the side of the cap 


Phe two cases are different in that it may be pos 


sible to prevent a necking balloon from rubbing the 


cap side by altering the shape of the cap, but a col 


1 1 
Lapse (| 


balloon can only exist contact with the cay 


S1cie 
] } 
angie ics 


two dit 


igure / that ar lean-back 


Sugvest 


than the maximum produced by 


ferent values of 7 in the balloons correspond 
values of 1 cen un 


they 


ing to the lower alternative 


likely to arise in normal practice, either because 


are prevented by the presence of the cap or because 


they are unstable, we shall contine our attention to 


the highe 


values of 7), indicated by the solid lines 
on Figures 6, 7, and 
The diameter ot a tree balloo is not very cle 


1 


pendent on bobbin radius, as is clear from Figure 


Balloon EHeight 


shows how 


balloon height 


Figure 4) bobbin tension depend oon 
a limiting height 
ible It 1S 


different height 


Here also there 1 


beyond which no free balloon 1s po clear 


curves for thre shown in 
that this 
which 1 pos ible theoretically 1s Ie the greater 


the balloon height Phu 


from the 
igure 7 must be so since the maximum 
sin @ 


for given bobbin and cap 


GM 


TENSION 


BOBBIN 


40. 50 60 


BALLOON HEIGHT cM 


},} 





O62 
radu, tor which sin 6, = 0.62, for example, curves of 
the type shown in Figure 7 for balloon height less 
0.62 at 
two points, and, as stated above, we take the highe1 
value of 7, 


than 46 cm. intersect the ordinate at sin 4, 


to be the one obtained in practice ; the 
curves tor heights exceeding 46 em do not intersect 
this ordinate at all, and no free balloons are possible 
Phe curve of Figure 7 for a height of 46 em. touches 
the ordinate at sin 4, 0.62 and this would be the 
linuting height for this particular cap and bobbin 
It is clear that the limiting balloon height decreases 


as the bobbin radius increases, and, similarly, the 


linuting bobbin radius discussed above decreases as 


} 


the balloon height is increased 


Figure 10 shows balloon protiles for three different 


heights. Two points are to be noted. First, the 


highest balloon shows signs of necking, although the 
Second, 


others do not a change in balloon height 


This 


cannot be considered to be true in general, for Figure 


has little etfect on the diameter of the balloon 


6 of the previous paper [1] shows that there is only 
a limited range of tension over which the balloon di 
ameter is independent of tension 

Phe caleulated results of this paper are in general 
agreement with those obtained by Hannah |4] using 
a different method of calculation based on simpler 


assumptions Her calculations refer to the cap spin 


cM 


HEIGHT 


BALLOON 








BALLOON RADIUS cM 


on profiles for three ballo heights 
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ming of wool, She assumed the air drag on an ele 
ment of ballooning yarn to act horizontally, and, 
also, in the nomenclature of the 


\ppendix, ds d 


everywhere. Her final solution is therefore com 
parable with the first approximation in the iterative 


method outlined in the Appendix 


Summary 


Phe influence of balloon height, cap and bobbm 
size, bobbin speed, and yarn denier on balloon size 
and thread tension was investigated theoretically 
Balloon diameter and bobbin tension both increase 
with increasing denier, cap diameter, and bobbin 
speed. There is a maximum size of bobbin greater 
than which no free balloon exists but only one which 


rubs the side of the cap. Similarly, for a 


given 
bobbin all balloons of more than a certain height rub 
Over the bobbin 


size and balloon height have little effect on balloon 


the cap. side range considered, 


diameter 


Appendix 
With reference to axes ON, OY, and OZ rotating 
about OZ with the constant angular velocity, o, of 
the ballooning thread, the equations of motion em 


hbodving the assumptions stated in the main text are 


rr eee op fy dy 
: + “os? 4 +4 ) Vw —= + ) 
= 47 7) ; cos” f Zm ds 


and 


d ( ] dy ) tx A , dx 0 
_-—= cos” ZMVW t+ Dlw Vv 
ds dz " a” oi 


r as 


Here sis the distance along the thread and 7 
thread 

mz", where 7 is the true tension in grams (fot 
Table 1). If 
the small vertical component. of 


lected, 7 Writing 


is the 
vertical modified 
/ 


component of a tension 


other nomenclature see 


gravity and 
air drag are neg 
Is constant 


/ mbes, 


and 


f qr-w. 
equations (4) and (5) become 
ad /... at , GR 2v dn 
( i : 


; pn cos” U , 
do dé mPa hw da 


and 


d dn 
da | I dé ) m 


qk 2v dé 


pt cos* 4 
hw da 
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[5], solutions of and cos® 6 as functions of ¢, which can be fed into 


the machine to obtain a further approximation to the 


solution, and so on Usually the third and fourth 
be taken 


approximations agree sufficiently closely to 


By using a differential analyzer 
equations (8) and (9) have been obtained for differ 


ent values of 7’,, satisfying the conditions 


(), q 0 10 
as the required solution for present purposes 


p iy 1 11) 
Che differential analyzer available in this labora Literature Cited 


torv has not enough integrating units to deal with 


equations (8) and (9) directly and therefore the 5 
7 foval Aeronautical Society (editors ) Hlandbook of 
4 Londo Liter 


following method of successive approximations was 
\eronauti 


Kor the first approxiation we assume do = dé 


1038 


used 


and @ 
appropriately simplified, is then obtaine 
Krom this solution o« and 


and are then 


0 everywhere, and a solution of (8) and (9), 
1 by using 


the differential analyze 
cos” @ are evaluated as functions of ‘. 
in order to obtain an approxi 


fed into the analyzer 
(8) and (9) 


mate solution of the full equations 
This procedure vields second approximations too 
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Introduction 


charac 


many physical properties and 


There are 
as a textile 
o i wool | ihication tor 


teristics which give woo! its usefulness 


fiber. Of these, fineness, or tiber diameter, is con aa 
‘ \ | ad, how r, were entirely 


most important dimensional characteris 
] sis, whi nical hat the oracle lot 


sidered the 
tic in establishing the manufacturing utility and com a Views 

ny particul ] ol grea wool matchings had to 
] 


mercial value of wool kor this reason, tiber fine 
ness has formed the basis for the standards and determined mo with 1 official grace 
50s, inclusive, 


grades which have been developed for woo! 
tol | sults trom. the cout 


In 1926, the U.S.D.A. developed grades tot 
| | Hil ‘ | { ase wool, WOTe 


| l 


matchings of grease wool based on diameter of fiber d 
| i asurement ha 


hese grades, twelve in number, were developed 
t} erelore, that 
Chis is a preliminary ort on a study under the re : id 
U. S. Dept. of Agriculture covering lou os 
the development of and improvement in yrades and_= stand 

al ee 1 a TY donde a ee 

rds tor wool and mo The study \ 1 this ‘ , , ‘ , 

nace rder to ce Ici iS 1 fiber diameter 
is based was conducted under 


Marketing Act of 1946 (RMA. Title 


search program of the 


hait 
authority 
listribution vool uch a 
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that they will tie in with the specifications for the 
corresponding grades of wool top, it 1s necessary to 
study the dimensional changes which grease wools 
undergo in processing. In other words, data must 
be developed to show the changes that take place in 
fiber diameter and distribution in the grease wool 
when it has been made into wool top, as top gen- 
erally is the final stage of processing wool prior to 
making yarn. Moreover, since top ordinarily rep- 
resents the form of the product in which fineness 
determinations are made by industry and the trade, 
it appears logical to use the quantitative specifica- 
tions for top as a basis for the specifications to be de- 
veloped for grease wool. 

Consequently, the present study had for its major 
objectives: (J) the determination of the relation- 
ships in fiber fineness and distribution of grease wool 
and wool top resulting from the processing; and 
(2) the development of adequate sampling pro 
cedures and appropriate analytical methods. <Al- 
though the findings reported in this publication are 
not conclusive, the results are highly sigmilicant in 
terms of methodology and general indications. 

The preliminary study covered twenty-four lots 
of wool matchings, grades 70s, 64s, 62s, and 60s. 
lhese grades represent approximately 70%o of the 
domestic shorn wool clip, and, for the most part, 
such wools are used in the worsted system of manu 
facture. Data covering the quantitative relation- 
ships in fiber fineness and distribution between the 
other grades of grease wool matchings and resultant 


top are being obtained 


Experimental Procedure 


lots of wool in the 


grease process ot heing 
combed were sampled, and samples were also drawn 
from the card sliver, top, and noils during the proc 
essing operations. Samples of card sliver were 
drawn for fineness measurements, as such a meas 
urement was considered to be an excellent check on 
the sampling adequacy of the grease wool. Sam 
ples of noils were drawn in order to determine fine 
ness, as such, and also in order to determine the ef 
fect of the removal of the noils on the relationship 
between fineness and distribution of grease wool and 
resultant top. 

Of the twenty-four lots studied, two were grade 


70s, nine were O4s, ten were 62s, and three were 60s 
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Grease Wool 


Two methods were used in obtaining samples 
of the grease wool for fineness testing. One method 
consisted of drawing hand-samples of approximately 
3 lbs. each, at random, from the pile after match 
after the 
The second method involved the use of 


ings were ready for scouring or blends 


were made. 
scoured subsamples of 3-in. core samples which had 


been drawn from the wool for shrinkage 


grease 
determination. 
Keach hand-sample was spread out on a table, and 


twenty-five pieces were selected at random. Locks 


weighing approximately 5 g. each were drawn from 
each of the twenty-five pieces, and these locks were 


blended into a composite sample. The composite 


grease wool sample then was hand-dusted, blended, 
and scoured in an aqueous solution of soda ash and 


detergent. he scoured samples were homogenized 


by running the dried wool through a small carding 


machine. The sliver from the first carding was 


mixed by hand and run through the carding ma 


chine a second time. 


ach 3-in. scoured core sample was 


packed 


tightly into a cylinder 3 in. in diameter and cored 


Equipment used in subsampling scoured cores 


in, tube ; B—3-in. cylinder ; C—electric drill. 





065 


a }-in. rotary Ik of each noil sample, 


were taken in nall clumps w lrawn at random until about 
approximately 7 g. were obtained 
1 in bsampling is shown 


— 


wure l 


} 1 ] mveol lin this pl . 
; ; : | najor objective involved in this phase of the 
lop and Card Slive 


work was to determine. the adequacy 
1 . 1 , 4 

Sanit S rs 1ew t Oy Wd of rad sSiiy 4 ’ 

amples of a tew teet ot top and ot care Wve! method of sampling grease wool in makine finene 


= ‘. : 1 S gt 
were drawn at various stages during the processing , 
. a) “— 1 5 Since ird shi represents grease Woo 


ured and homogenized, without 


of the grease wool lot which had been sampled 
Phe s¢ samples were then reduced ‘) workable S1Z¢ 11 ¢ 1 1 } 

; Bs any appreciable of fibers, and since card sliver 
tor fineness measurements by clipping small sections 


, : : : does not present any material difficulty in sampling, 
at random from each of the different pieces of top 


rar ‘ the adequacy of at sampling of grease wool gen 
and from each of the pieces of card sliver. hese : > > 


1\ 
fn] 


: erally can be determined by comparing the respec 
sections for each product, in turn, were combined 5 ; a | 


> ( o ness sults ds wiard deviations 
into a composite sample. tive average ftinerne results and standard deviation 


I shows the sults of such comparison fot 
each lot tested 


was found between the avet 


and yrease wool for the 


RELATIONSHIP BETWEEN AVERAGE FIBER DIAMETER AND STANDARD DEVIATION IN 
GREASE Woot AND CARD SLIVER, BY GRADES OF Woot 


Grease wool 


Average Standard \ Standard rence in 


Grade diameter deviation diameter deviation diameter* 
(ys) (yu) (yu (yu) (ys) 


70s 1.51 3.1 0). 97 ; LO.46 
70s 1) O98 3.8 0.37 ; 
\verage 0).7 3 ).7 0.5 
64s 1.61 
64s 03 
64s 22.84 
64s 22.06 
64 05 
O45 21.20 
645 70 
64 , 7 38 
64s 23.62 
Average ¥ 6 


62s 
62s 
62s 
62s 
62s 
62s 
62s 
62s 
62s 
62s 


\verage 


60s 

60s 

60s 
\verage 


* Card sliver was used as the base in determining difference 
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grades 64s and 62s. This true also for fiber 


variability, as expressed by the standard deviation. 


Was 


As shown in Table I, there appears to be no defi 
nite pattern in the differences between the average 
diameter of grease wool and card sliver. The grease 


wool sliver in twelve of 


was coarser than the card 
the twenty-four lots, and in the remaining twelve 
lots the card sliver was coarser. The mean differ 
the 


the 70s was 0.54 p, and for the 


for 
and 6Os it 
Based 


average fineness for the lots of each grade 


and card. sliver 


O4s 62s 


ence between grease wool 
was 0.59 », 0.42 p, and 0.57 p, 


the 


respectively 
On 
tested, there was no practical difference between the 


grease wool and the card. sliver the 70s, 64s, 


tor 
and 62s 
of card 


the fineness 


sliver and the average fineness of grease wool ac 


\ comparison of average 


cording to the sampling method of the grease wool 


) 


is Shown in Figure 2.) As shown in this chart, the 


difference in average fineness between card. sliver 


WO )] 
that 


wool samples drawn by hand 


and grease samples drawn by coring was 


and 
In the 64s, 62s, and 


smaller than between card. sliver 


yrease 


60s grades, there was only 0.1 » difference between 
the average fineness of the card sliver and the aver 
] 


age of the grease wool] represented by core samples 


Fyre or ComMBING, AVERAGE FIBER DIAMETER, 
Por, Nom, Carp SLIVER, AND GREAS!} 
GRADI 


rABLE II 


Noil 


Stand 
ard 


Top 
Stand 
ard 


\ver 


age 


Coeth 
cient of 


\ver 
age 
diam- 
eter 
(u) 
18.78 
20.01 
19.40 


ly pe 
ot 
combing 


diam- devia- varia- devia- 


(srade tion 


(yu) 


tion 
(yu) (yu) 
20.85 4.09 
20.85 3.83 
20.80 00 


eter tion 
(“) 
19.62 
18.37 
19.00 


70s 
70s 
\veri 


French 


Noble 


55 
97 
34 
18 


64s 
64s 
64s 
64s 
\verage 


21.28 
22.00 
22.06 
22.27 


21.90 


French 
Noble 
French 


Noble 


21.38 
18.05 
19.67 
23.26 
20.60 


19.90 
19.88 
20.77 
20.07 
20.40 


ete ww 


64s* 
64s* 
64s* 
645" 
64s" 
\verage 


21.28 
21.78 
21.80 
22.30 
22.42 


1.90 


French 
Ne ble 
Noble 
French 


Noble 


19.74 
18.46 
21.56 
21.97 
221 


20.80 


19.18 
19.80 
19.18 
19.15 
20.78 
19.60 


\verage 


of all 64s 21.9 4.5 20.7 19.9 


* Grease wool cored for shrinkage; fineness of scoured core-samples represe 


LIMITS FOR 70S AND 6458 
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ff} caro suiver 


& GREASE WOOL 


AVERAGE FIBER DIAMETER (MIRONS) 




































































MAND CORE 
SAMPLED SAMPLED SAMPLED ‘ 
LOTS LOTS LOTS 
(645) (64s) (62s) 2s € 


HAND 
SAMPLEC 
T 


of the 
sliver and thé average fineness 


( oMmparison average fille iless ] 


of grease wool, according 


card 


to the sampling method of the grease woo 


the 
card sliver and the grease wool] hand-samples, on the 


The difference between the average fineness of 


STANDARD DEVIATION, 
Woot FOR Lots WITHIN 
Por 


AND COEFFICIENT 
THE OFFICLAI 


OF VARIATION FOR 


srease Wool 
Stand 
ard 


Card sliver ( 
Stand- Coetti- \ver 
ard cient of age 
varia- diam- 
eter 


\ver 
age 
diam 
eter 
(yu) 
20.97 3. 
20.37 3 

20.70 


Coetti- 
cient ot 


Coeth 
ment ot 
Varia- devia 


devia- varia 


tion tion tion 
(‘ « ) 
17.07 
18.51 
17.80 


tion 
(u) 


tion 
(%) 


( 


(p) (“/o) 
3.10 15.11 
3.81 18.16 

50 16.60 


(yu) 
19.97 
18.80 
19.40 


58 


‘a 


20.51 
20.98 
20.70 


22.21 
21 
82 
46 
40 


i) 


16 
15 
19 
18 


» 


23.96 
21.00 


17. 
19. 
2 


39 


Ie Iw Nw tw te 
— rw rw 


ae) 


52 
15 
SO 
R5 
$2 


30 


21.01 20.05 
21.20 
19.70 
21.38 
23.62 
21.20 


17 
19 
19. 
22.08 
27.95 


10) 


56 


58 


— un 


”~) 


te TU he 
= 


Te De OD 


1) 


21 


nting the grease wool 
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other hand, ranged from 0.3, tor the 64s grade to 
0.9 for the 60s. Phe 

It is often asserted that the average diameter of 
wool top should be greater than the average diam that the fineness ot 
ter of the grease wool from which it came. 
paring results on the lots involved in this study, it 
was found that the grease wool measured coarser 
than the top in eight of the thirteen lots hand 
sampled, but in only two of the eleven lots core 
sampled 


PABLE 


Grad 


II] Pyer or COMBING 


1953 


study were in 


ITO. 


‘ 
s 


In com processed into wool top 


tend to obscure t 


\VERAGE FIBER DIAMETER, STANDARD DEVIATION 
Tor, Nom, Carp SLIVER, 


GRADE Limits FOR 628 AND 60s Tot 


lop Noil Card shiver 
\ver Stand- Coeth \ver Coeth \ver 


Ave ard 


Stand 
crent ot aye ird 


diam ck Via \ 


combing eter tion eter tion tion eter tion 


ciam- devia diam- devia varia 


(us) (yu) (us) (ys) (“7,) (yu) (yu) 
French 2.61 5.38 ; 21.29 4.99 3.44 2.24 71 
French 2.8: 4.98 ) 1.79 23.24 81 
Noble 5 5.08 ; 20 } 23.96 $17 «+ 5.39 
Noble 3! 19 | 5.0: O5 ; 64 
Noble } 70 3.8. 1.5 37 24.87 0 

; 5.10 | 5 5.70 ; 10 


measurement results 


general agreement 


fine fibers are removed in 
which results in the top being 


the grease woo! from which it was made 


potential sampling and measurement errors 


\¢ precise 


AND COERFFICIEN 
AND GREASE Woon roR Lots WITHIN THE OPFICIAI 


Stand- Coeth 


cient ot ive ard ent o 


Discussion of Results of the Study 


most lots m this 


with the concept 


is altered when 


some of the short, 


combing operations 


slightly coarser than 


Llowe VeT. 


would 


differences between the 


VARIATION 


Vailla 


tion tron 


French Zé d 15 1) 
French 23.65 5.20 . I 
Noble 2 j | 
French 23.85 2 2 | 
Noble 2 y 2 0.8 


\verage 2 , | 


\verage 
ft all 62s 


60s French 
O0s Noble 
\verage 


60s* Noble 


\verage 
of all 60s a j 229 1.3 


* Grease wool cored for shrinkage; fineness of scoured core-sample 


FABLE I\ 


COMPARISON OF 
AND GREASE WooL, BY 


lop Noil 


Ditterence 
between 


\ve rape 


diameter 


\veraye top and 
diameter noil* 
(ys) (ys) 
208 19.4 
21. 19.9 
2 1.1 
2 1 & 
The plus sign signifies that the average diameter of top is 


pared ind the minus sign styenifies the reverse 


\VERAGE FIBER DIAMETER OF 


\verage 


diameter 


re pre 


Wool bor 


(,RADI 


Ditters 
bet 
top 


card \verage Jreum 


(ys) 
20.7 
1.4 


30 


1.90 
0.02 
I RO 


N 


Ditterence 


yeon between 


ind top and 


r chameter 

(ye) 
0.7 
1.6 
23.1 


4 & 
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fineness of grease wool, card sliver, and top, espe [tor 


cially if the differences are as small as those applying [nou 


to the lots of 70s and 64s tested in this experiment ii CARD SLIVER 


Consequently, in order to compensate for any sam Ej} crease woo 
pling and measurement errors involved, a greater 
number of tests will be necessary in order to dis 
close more precisely the magnitude of the changes 
which take place in fineness and distribution in the 
various grades and in different wools as a result of 
processing ope rations. 
he fineness measurements for the lots classified 
as 70s and 64s are shown in Vable II, and those for 
lots classified as 62s and 60s are shown in Vable ITI 
\n analysis of the data presented in ‘Tables I, 
I1l, and IV shows that the average fineness of the 
top, when considered grade by grade, is coarse 
the average fineness of the noil, the card slive 
the grease wool, with the exception of grade 60s 
For this grade, the average fineness of the grease 


wool was 0.4 coarser than the top and 0.6m coarser ; = : 
| yi] Comparison of average fiber diamete) oO] wool 
than the card sliver, indicating the possibility of a noil, card sliver, and grease wool, according to the 


small sampling error! ( le of wool 


rABLE \ FIBER DISTRIBUTION OF Tor, GREASE Woon, Carp SLIVER, AND Not FoR 5 Lots or THE 645 GRaADI 


Average Coefficient Fiber distribution 
fiber Standard of 20.1 30.1 10.1 
Lot No Sample diameter deviation variation 30.0u 10.04 50.0u 
(n) (u) ( ; (%) (¢ 
top 21.28 1.20 19.74 2.83 53. 3.66 
grease Wool 20.05 3.52 17.56 1.00 
card sliver 20.65 1.18 20.24 : 2.00 
noil 19.18 3 1.01 : a4... 2.25 


top 21.78 18 
grease wool 21.20 
card sliver 20.92 ; 18 
noil 19.80 


top 1.80 
grease wool 70 


card sliver 38 
noil 8 85 ye 0.75 


top 2 ; 7.17 
grease wool 2 s 2 ‘ 6.00 
card sliver , 2 $2 5.01 
noil 5 F 21.85 8 5 1.50 


top 
grease wool 
card sliver 
noil 


Weighted top 
iverage grease wool 
of card sliver 

5 lots noil 
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Che data show 


ence between 


that the m itude ot the differ 


average fineness of top and noil in 


creased as the coarseness of the top increased 


] 


These differences ranged from 1.4 for the 


2.6n for the 60s 


Phe spread between fineness of the 


I average 


sliver from O.1lu for the 70s to 


O4< 


wool, the rang 


top and card 


O.5u for the Between top and grease 


O.lp 70s to O.4u 
64s and 62 spread between 


lity 


for the 
for the 


ness of top and noil varied from 


the OUs wool 


26u for 


lable IV and Figure 3 show a summary of aver 


] 


l il, card sliver, and 


age fiber Woo! top, nou, care 


Differences between these 


ir individual 
that 


lots, as 
hown i and . indicates average 


ber diameter t th i | live for five lots was 


courser than that of the resultant top Hlowever, 


vreatest difference in chameter 


and the 


measurement errors probably 


average 
average only O.l4yu:; hence 


were re sponsible 


FABLE VI Piper DISTRIBUTION OF ‘Tor, GREASI 


Wor 


\ve raye 
fiber Standard 


diameter deviation 


Woo 
card sliver 


noil 


top 

grease woo! 
card sliver 
noil 


top 
yrease wool 
card sliver 


noil 


top 
grease wool 
eard sliver 


noil 


top 
Yreas¢ wool 
card sliver 


nol 


Weighted top 

average yrease wool 
of card sliver 
5 lots noil 


hip between 1), , Cara 


found in this preliminary 


reneral wreement V1 the hineness 


etween top, cara liver, and eTrease 


Woo! naster wools ot the international 


Wool 


Research lh and lorstmann 


iducted at Textile 


\\ nM len 


Project being cor 


Com 


pany 


Fiber Distribution and Uniformity 


fineness distribution data were analyz 


s of the O4s, five lots of the 62s, nd one 


average 
coethcient 
MIT pose 
Interva 
bution 


COMPpPAres 


r percentag 


sO] 


60.04 


18 


62.99 
54.19 
60.66 


55.66 





070 


ound in the 10-20 group tor top than was the 


case either tor the grease wool or the card sliver 
For most lots, also, the top showed a larger percent 
ot tibers in the 20.1 30.0p, the 30.1 40.0p, 


50) Op groups 


s 
} 
I 


and 


age 


10.1 


woul] or care 


than was the case with. grease 


sliver This difference can be expected 
since noils, which include a large percentage of the 
finest tibers, have been removed 

Phe fibers within the 10-20p groups in the distri 
bution of card sliver for the grades 64s, 62s, and 60s 
averaged 44.42%, 30.28%, and 21.84%, 
with 26.13%, 
for the corre sponding grades of top 

In the 20.1-30.0% 
58.75% of the 


the 


respective lv, 


as compared 30.18%, and 20.69°% 


the 
the 64s, 


slivet 


group, top comprised 


fibers tor as compared with 


52.07% tor card Kor this group in the 


62s, the top comprised 61.870 and the card sliver 


60.86% of the tibers. The corresponding figures in 


and 


this group tor the 60s were 64.50 for the top 
J SVG 
Phe 64s, 62s, and 6Os grades of top comprised 
‘+82%, 11.13%, 13.806 the the 
30.1-40.0n group, respectively, as with 


b 29 


My | 


6/ tor the card sliver. 


and ot fibers in 


compared 


and 999% 


Ja 


for the corresponding 


ecard sliver distributions 


I )ie 
in the 
the 


fiber distribution for 64s top showed 0.25% 
10.1 
card 


OS46, 


50 group, as compared with 0.19% for 
for O2s, 


and O.4AS; 


sliver the corresponding figures 
Were 
1.0%. as 

Ihe 


greatest 


kor OOs, the top showed 
card sliver. 


the 


compared with 0.66% for the 


results of the tests on nol showed that 


percentage of fibers removed during comb 


Ing Operations the 


] 


were finer ones Llowever, there 


are fibers in the noil covering the entire range 


In fiber distribution found in the top 
\n analysis Fables II 


the deviation 


Lit in 


and coetticient 


the data in and 


! 
ot 


chieated that standard 


IABLE VII Finer DIstRiIBUTION oF Tor, GREASE 


\verage 
fiber 
diameter 


Standard 
Sample deviation 
(2) (u) 
4.50 5 
13.85 5 
13.88 5 


1.62 5 


top 
Urease wool 
card sliver 


noil 


PABLE VIIL StuGorstepn MAXIMUM 


Standard 
deviation 


&0 70s 


O4s 62 60s 


(ya) uu) (yu) (yu) 


5.0 5 6.4 


Maximum 


Woot, ( 


STANDARD 
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of variation for fiber distribution in top tended to be 
slightly the ' 


higher than those of card sliver and 
as with average fiber di 


| lowever, 
lots 


grease wool. 


ameter, some of card sliver and grease wool 


showed a greater standard deviation and a higher 
coefficient of variation than their corresponding tops 
In most cases, the differences found were small and 
probably resulted from minor sampling and _ testing 
errors 
Calculated maximum © standard for 


Wadley 9 


The suggestion was that lots 


deviations 


grades of top have been hy 


Pohle, and Mueller.* 


showing higher values of standard deviation than 


suggested 


those shown in Table VIIT would be considered too 
high in dispersion to meet official specifications for 
grades of top. 

\ll the samples of top, card sliver, and grease 
wool tested in the present study showed standard 
the 


COrresy mding grades 


deviations within maximum indicated for the 


Conclusions 


The following tentative conclusions were drawn 
from the study 


l. The 


coarser than the average fineness of nol, card sliver, 


average fineness of top apparently 1s 
| oe - ] 
and grease Wool 
2. The 
the top and the average fineness of noil, card sliver, 


htly 


spread between the average hneness of 


and grease wool increases sl with the coars« 


ig 
ness of the wool] 


the 


fc iT 


3. There is no significant difference between 


] 


average fineness of card sliver and grease wool 


the lots tested 
Wadley, | 
(ar cle 


Ri 


M., Pohle, | 


Determination by 


M . ind Mueller, W a 
Measurement in Wool Top 
19, 278 (May 1949) 


leasier 
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ARD SLIVER, AND Now ror | Lor or 60s GRAD! 


Fiber distribution 
20:1= 30.1 10.1 50.1 
30.04 10.04 50.0u 60.04 
( ( ( ( ie 


( ) ( ( ) ( 


( 
( ‘ ( ‘ 


64.5 


Coetticient 
ol 10.0 


Variation 20.04 


0). 69 
10 61.8 11.70 
21.84 67.5 9 99 
13.00 1&8 


13.80 1.00 
0.40 


0.60 


o.10 


8.12 0.50 


DEVIATIONS FOR GRADES OF 


58 50s 50s 


$85 16 


(yu) (yu) (ys) (yu) 


6.9 7.4 a4 
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difference found in average diameter be 
the 


hen cores rather than hand-samples were 


card sliver and wool was 


grease 


the lots tested, there was 
the 


a general tend 


ency tor standard deviation and coefficient of 


variation of top to be slightly higher than those for 
corresponding card sliver and grease woo! 


6. Since grades and types of grease wool differ 


in their inherent tiber characteristics, a large numbet 


of tests will be 


necessary in order to determine the 


average magnitude of the changes that take place 


in fiber tineness and variability during processing 


into toy Phe results obtained in this preliminary 


study indicate that the number of tests involved was 


671 


Insufficient to compensate tot normal sampling and 
te sting errors 
7. Since the quantitative relationship in the fine 


] 


ness ot yrease Woo! to wool top 1s needed as a basis 


for developing numerical specifications for grades 
of grease wool, sufficient additional tests should be 
made to determine the average relationship for pre 
paring the standards tort 


YTCAst wool 
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Book Reviews 


Textile Chemicals and Auxiliaries. 
Henry ( York, 


| rice, 


edited by 
Speel New 


1952 


Reinhold Publishing 


Corp 193 pages. $10.00 


(Reviewed Hillary Robinette, Jr. 


sultant, <Irdimore, Pa.) 


Che assembling and organizing of the information 


related to the nature and wet dyeing, 


processing, 
printing, and finishing of textiles have been ably ac 


complished Fertil 


es adequately fills the need of supplying prac 


by Editor Speel Chemicals and 


Lig 1) 


al information about all of the 


phases of textile 
processing It contains twenty-three chapters pre 
pared by various well-known specialists in the textile 


and textile 


Phe bool Phe first part, 


containing seven chapters, deals with the physical and 


chemical industries 


is divided into two parts 


chemical aspects of fibers and fabrics and the physical 


ical aspects of the actual processing of 


and fabrics The second 


part, consisting of 


SIXTCCI 


chapters covers in detail the chemical au 


] 


tharies used in fabric processing (one 


chapter di 


cusses water, an Hnportant wet processing raw Ma 


Phere is some overlapping between the two 


terial ) 
parts 


cliscuss¢ s 


kor example, Mosher, in chapter 3 (first part ) 


textile detail 
the chemistry of the products used; in chapter 17 (in 


\ kley 


agents and discribes their use in 


finishing and covers in some 


the second part ) discusses the chemistry of 


cationic tinishing 


finishing. Since the various chapters in the two parts 
have been prepared by different authors, this duplhica 
tion is to be ¢ would be 


without 


Kpected It 


mpossible to di 
cuss textile 


ishes \ 


pure 


finishing 


discussing textile tin 


discussion of textile finishes naturally re 


some deseription of their use 
Phe book is up to date Phe latest developments im 
dyeing and finishing techniques for 


Dynel, Vieara 


cently 


Qrlon, Dacron 


\ervlan, and X-51 are included. — ike 


introduced textile specialtte lor wet proce ny 


and finishing cribed 


are cle 


Pwo errors have been noted by the reviewer 


page 299 mention is made “that certain non-1omi 


be sulfonated to 


amon as in the sulfonation o 


Triton N-100 to 


Priton 720." Triton 720 is a sul 


fonate;: it is an alkyl arylo ethoxvethoxyethyl so 


dium sulfonate It could not be 


obtained by the sul 


fonation of Triton 100 


\ 


Triton 
alkyl arvl 


On page 314, 


Sulfonation of 
100 would lead to the 


OXY pol 


lormation of an 


yvethoxy Jethyvl sulfat again 
liscussing states that 


and Triton W-30 is a sul 


W-30 and 


two more ‘Tritons, the author 


Priton 770 1s a sulfate 


roniate Priton 770 are both 


Priton 
ulfates 
Phe book is well 


cl ipter has an ¢ 


vritten and ea to read 


and Cr h 
cellent bibliography The author 


subject inde» 


and the 
le Chemical 
] 


eieie)| 


rite are both adequate 


should 


in textile chemistry 


md Auxiliaries prove 


Sa SOUTCE for course 
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in textile schools and in industrial chemistry courses 
at other institutions. Textile technologists, chemists 
in dyeing and finishing plants, and laboratory person 
nel of chemical manufacturers will find the book in 


formative and a useful reference tool 


Textile Untersuchungen. 
gart, Germany, 
pages rt 


through Stechert-Hafner, Inc. 


M. Nopitsch. Stutt- 
1951. 322 + liv 
Price, DM 32.50. (Available 
New York.) 


Konradin- Verlag, 


218 figures 


(Reviewed by Charles Il. Lindsley. 
Corp., Enka, N.C.) 


American Enka 


This book is written by the head of the Textile 
{ hemiustry Section of the Research Institute for Cloth 
ing Physiology, Schloss T'ohenstein, Wurttemberg. 
The text is divided into two main sections of equal 
length: analytical procedures, and examples of faults 
In the 
chemical, and microscopical 


or damage drawn from practical experience 
first’ part, mechanical, 
tests are described. The actual procedure Ss are set 


apart by italic type from the accompanying com 
mentary, and many marginal beadings help in finding 
a particular method, In the second part, a large num 
her of frequently occurring or particularly instructive 
examples of damaged yarns and fabrics are consid 
ered, Separate indexes for the two sections are given 
at the end 


Two sections of photographs are included, one 
showing testing apparatus and instruments (54 pc 
tures) and the other giving 164 photomicrographs and 
drawings of fibers and fabrics. These are well chosen 
and reproduced, although there is little that is not 
available elsewhere 

lwenty-five pages at the beginning are devoted to 
des riptions of the prin ipal fibers 
and synthetic. In 


natural, artificial, 
a book of this kind it seems un 
necessary to include manufacturing methods and 
names of producers (mainly German) of regenerated 
and synthetic textile materials, 

Phe title is rather misleading, for the book does not 
deal with textile investigations in general: the center 
of interest is upon types of damage to textile materials 
and methods for determining the causes of damage in 
particular cases. 

The book is well printed and bound. It contains 
much valuable information, and will no doubt prove 
useful to those concerned with the problems of tex 


tile testing. 
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Studies on the Microbiological Retting Process 
for the Preparation of a Hard Fiber, and Influ- 
ence of this Process on the Fiber Properties. 
\.N. | \msterdam, Holland, 
Royal Netherlands Academy of Science, 1951. 59 
8 plates. Price, $2.50. 


J}. Heyn (in English). 


pages ; 


(A few copies are 
available from the author, at School of Textiles, 


Clemson Agricultural College, Clemson, S. C. ) 
This monograph describes fundamental studies on 

the preparation of coconut fiber in Indonesia which 

1937-1940 for the Netherlands 


Indies. 


were carried out in 
Government in the [ast Publication of the 
report was delayed by the war. 

It appears that methods of extracting the fiber from 
the husk employed in the principal coir-producing 
areas of India and Ceylon involves a long soaking 
Very little 
derstood about the real nature of and the phenomena 


process ranging up to one yvear, Vas un 


underlying this soaking process. The project, under 
the direction of Dr. Hlevn, was directed towards the 
development of a suitable method for fiber production 
in Indonesia 

\ study was made of the decomposition of pectins 
during the soaking process, and the presence of en 
zymes which decompose pectins was demonstrated. 
\n actual isolation in pure culture was obtained of 
the active microorganism, which proved to be the 
anaerobic bacterium Clostridium felsineum, earlier 
deseribed by Carbone for the retting of hemp in Italy 
\ discussion of retting organisms in general is given 
in connection with these findings. It is concluded 
that the soaking process is essentially a retting proc 
ess. The conditions for producing a fiber of supertor 
quality were determined, and plants for its prepara 
tion were established. In this monograph only the 
underlying research is reported, with no details of 
the retting process as finally developed being «dis 
closed. 

In the second part of the monograph the color of 
the fiber is studied, which is of first importance for 
its commercial value. The color was found to be due 
to phlobaphenes formed from tannic substances by a 
photochemical process. The content of these sub 
stances in fiber and husk during the retting process 
was studied, and the relationship between the applica 
tion of a suitable retting process and a light color of 
the fiber established 

Considerable data are included in the report, which 
is illustrated by photographs and photomicrographs 


An extensive bibliography is included 
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SCOTT TESTERS (Southern) INC., 216 Reidville Road, Spartanburg, S. C. 


Southern Sales Rep.: JOHN KLINCK 
304 West Forest Ave., North Augusta, S. C. 


SCOTT TESTERS, INC., 145 BLACKSTONE STREET, PROVIDENCE, R. I. 





Independent Tests Show Superior . 
Static Control! with Drew Fiber Lubricants 


i Tests made )ar_oratus 
Extensive static tests conducted by an inde- Tests made wit! 
| i a ’ { ‘hromev 
pendent laboratory conclusively show that and Chron , 
Druspins lead all other fiber lubricants in antl- 


static performance. 


Tests were made at 70 F., 65% R.H., with 


the Du Pont Testing apparatus described by 


Hayek and Chromey in American Dyestuff 
Reporter, Vol. 40, No. 51. 


Classification of 
Full my pond 1 Half Life Antistatic Rating 
After in. ‘ 


Seconds) Properties 
2% Fiber Lubricant Applied to Wool (Micro Amps) | (Micro Amps) ( 


Very good 
DRUSPIN WOR or F 5 - se 
DRUSPIN WL-5 10 Non-applicable 


Fair 
i -applicable 
Self-Emulsifiable Mineral Oil plus 32 Non-applic 
Anti-Static Agent 


36 Fair 
DRUSPIN WL _ 


An Amine Condensate plus 44 Non-applicable - 
Phosphates 


Non-applicable Poor 
Self-Scouring Synthetic Wool Oil i Non-applicable Poor 
on-appli 
07, il, 50% Mineral Oil 
50% Lard Oil, 907% ' Non-applicable Poor 
Olive Oil 


Non-applicable Poor 
Blank 


FREE! DRUSPIN for every type of natural or man-made fiber or blend 
Write for Drew Technical 


Bulletin T-153. Describes 
DRUSPINS with 


technical data 


In addition to the above antistatic fiber lubricants there’s a 


of fibers. Use of these amazing Drew fiber lubricants will elim- 
complete 


inate static and improve your carding, drafting and spinning. 


TEXTILE CHEMICALS DEPARTMENT 


E. F. DREW & CO., INC. 
15 East 26th Street, New York 10, N. Y. 


CHICAGO PHILADELPHIA BOSTON 





